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DESIGN  TEXTS. 


THE  HAND  LOOM. 


The  process  of  weaving-,  either  on  the  hand  loom  or  power 
loom,  depends  upon  the  same  principles,  with  practically  the 
same  operations.  The  principal  parts  of  the  loom,  such  as  the 
lay,  which  is  used  to  beat  up  the  filling-;  the  reed,  by  means  of 
which  the  warp  threads  are  kept  in  their  proper  position  ;  the 
heddles,  used  for  the  separation  of  the  warp  threads  ;  the  har- 
nesses, by  which  the  weaving  of  the  desig-n  is  controlled  ;  the 
leese  rods,  used  to  keep  the  warp  threads  parallel  to  each  other, 
all  vary  but  little  in  either  loom.  The  shuttles  are  similar,  and 
the  warp  and  cloth  beams  serve  the  same  purpose.  The  quality 
of  work  differs  but  little,  althoug-h  the  production  of  the  power 
loom  exceeds  that  of  the  hand  loom.  This  is  due  to  the  fact  that 
the  driving-  of  a  loom  by  power  allows  more  picks  to  be  introduced 
into  a  fabric  in  a  g-iven  time  than  is  possible  by  the  hand  and  foot 
power  of  a  hand  loom. 

Weaving-  was  practiced  by  the  Eg-yptians,  althoug-h  little  is 
known  of  their  looms  or  the  manner  in  which  they  prepared  yarn 
for  the  loom.  The  discovery  of  a  few  wall  painting-s  at  Thebes, 
among  which  were  representations  of  the  Egyptian  methods  of 
weaving-  and  spinning-,  gives  us  our  first  knowledg-e  of  ancient 
looms.  One  method  was  to  weave  the  fabric  in  a  horizontal  posi- 
tion, in  fact,  on  the  ground,  the  weaver  sitting-  on  the  woven 
fabric.  Vertical  looms  were  also  used,  the  weaver  throwing-  the 
filling  throug-h  the  shed  by  means  of  a  rod.  On  the  end  of  this 
rod  was  a  hook,  to  which  the  filling-  was  attached.  Two  weavers 
were  frequently  employed,  sitting  at  either  side  of  the  loom,  pass- 
ing the  rod  back  and  forth  throug-h  the  shed. 

The  Greeks  and  Romans  used  vertical  looms  similar  to  the 
Egyptian.  The  cloth  was  woven  upwards,  the  warp  being-  sus- 
pended from  the  top  beam  of  the  loom,  and  the  lower  ends  tied  in 
separate  portions  and  weighted  to  keep  the  threads  in  tension. 
The  filling  was  combed  into  position  by  means  of  a  comb  adapted 
for  the  purpose. 
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The  present  hand  loom  is  made  upon  the  principle  of  the 
ancient  hand  loom  of  India.  Rude  in  construction  as  it  was,  the 
Indian  hand  loom  was  capable  of  producing-  the  most  delicate  mus- 
lins, cloths,  shawls,  and  similar  fabrics.  The  "  mulmul  khas," 
or  King-'s  muslin,  was  so  delicate  that  a  specimen  of  cloth  ten 
yards  in  length  and  one  yard  in  width,  containing  1900  threads  in 
warp,  could  be  passed  throug^h  a  small  ring.  The  fabric  weig^hed 
182  grains  to  the  yard,  or  approximately  38.5  yards  to  the  pound. 
The  yarn  used  was  equal  to  185s  cotton. 

The  hand  loom  was  constantl}^  improved  until  1773  A.D., 
when  the  first  attempt  to  drive  a  loom  b}'^  power  was  made  at 
Glasgow,  Scotland,  a  Newfoundland  dog  working  in  a  race  wheel 
furnishing  the  required  power.  The  number  of  inventions  for 
the  hand  and  power  looms  is  so  great  that  it  is  almost  impossible 
even  to  list  them.  The  principal  events  in  the  development  of  the 
loom  of  the  present  time  are  : 

1199  Cloth  manufactured  at  Notting-ham,  Eng-land. 
1307  Linen  manufacture  established  in  Kng^land. 
1510  Broad  looms  adopted. 
1589  Ribbon  loom  invented  by  the  Dutch. 
1667  Gobelin  manufactory  established  at  Paris. 
1676  Dutch  eng-ine  loom  introduced  into  England. 
1678  M.  de  Gennes  presented  his  model  of  a  "  machine  for  mak- 
ing woolen  cloths  w'ithout  the  aid  of  a  workman." 
1687  Joseph  Mason  obtained  a  patent  for  an  eng-ine  by  the  help  of 

which  the  weaver  may  do  without  the  draught  boy. 
1725  M.  Bonchon  invented  the  use  of  perforated  paper  for  work- 
ing the  draw  loom.     This  is  considered   the  origin  of   the 
Jacquard. 
1728  M.  Falcon  substituted  a  chain  of  cards  to  turn  on  a  prism  in 

place  of  the  perforated  paper  of  M.  Bonchon. 
1745  John   Kay  and   Joseph  Stell  obtained  a  patent  for  applying 

tappets  to  the  Dutch  engine  loom. 
1745  M.  Vancanson  applied  the  griffe  to  M.  Falcon's  invention, 

placing  the  apparatus  on  the  top  of  the  loom. 
1760  Joseph  Stell  obtained  a  patent  for  the  application  of  "sundry 
tappets  "  for  weaving  figures  in  the  Dutch  or  narrow  loom. 

1785  Dr.  Cartwright  obtained  a  patent  for  a  vertical  loom, 

1786  Dr.  Cartwright  obtained  a  patent  for  a  "weaving  machine," 
or  loom,  in  which  warp  and  filling  motions  were  first  at- 
tempted. 
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1787  Dr.  Cartwrig^ht  obtained  a  patent  for  improvements  in  his 
power  loom.  These  comprised  a  spring-  picking-  motion,  a 
stop  motion  when  shuttle  fails  to  enter  box,  temples,  plyers, 
etc. 

1788  Dr.  Cartwrig-ht  applied  cams  for  variable  motion  to  the 
batten. 

1792  Dr.  Cartwrig-ht  obtained  a  patent  for  a  chang-e  shuttle  box, 

an  eng-ine  for  raising-  a  pile,  and   circular  knives  for  cutting 

the  pile. 
1796  Robert  Miller  patented   the  "wiper"  power  loom,  so  called 

from  the  driving  of  the  picking-  and  treadle  motions  by  cams, 

or  "wipers." 

1801  Jacquard  exhibited  his  loom  at  the  French  Exhibition. 

1802  Redcliffe  invented  the  "Dandy  Loom." 

1805  Johnson  and   Kay  patented   revolving  temples,  and  applied 

projections  on  picking  cams. 
1812  The  weaving-  of  three-ply  carpets  patented   by  Thomas  Lee. 

1834  L.  and  J.  Smith  patented  a  method  of  picking-  from  the  crank 
shaft,  which  was  the  forerunner  of  the  scroll  pick. 

1835  John  Osbaldston  patented  the  manufacture  of  heddles  from 
twisted  brass  wire. 

1841  Ken  worthy  and  Bullough  patented  a  roller  temple  and  a  fill- 
ing stop  motion,  both  in  present  use. 

1842  A  method  of  weaving-  velvet  or  looped  surfaces  patented  by 
R.  W.  Sevier. 

From  1842  to  the  present  time  the  number  of  improvements 
has  increased  wonderfully,  resulting-  in  the  present  almost  per- 
fect power  loom.  The  hand  loom,  although  still  used  in  many 
countries,  is  being-  steadily  replaced  by  the  more  productive  power 
loom. 

HARNESS,  HEDDLES,  AND  EYES  OR  MAILS. 

Before  commencing-  the  study  of  Textile  Desig-n,  some  know- 
ledge of  the  principles  and  working-  of  a  hand  loom  should  be 
obtained.  The  first  step  in  this  direction  is  to  consider  the 
arrangement  of  the  warp  threads  in  the  heddles  or  the  harnesses, 
or,  as  it  is  termed,  "  warping-  and  dressing,"  and  the  next  will  be 
the  method  of  actuating-  the  harnesses  by  means  of  a  chain,  or  the 
order  in  which  they  are  arrang-ed  to  produce  the  required  pattern. 

In  this,  as  in  all  other  work,  there  must  be  some  recognized 
means  of  conveying  or  indicating-  the  order  in  which  the  threads 
must  be  drawn  throug-h  the  harness. 
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When  the  weaver  is  standing  in  front  of  the  loom,  whether 
hand  or  power,  the  harnesses  are  in  front  of  him,  as  in  Fig-.  1, 


Fig.  1. 

which  represents  a  common  hand  loom,  such  as  is  adapted  for 
plain  weaving-.  It  consists  of  four  wooden  posts  framed  together 
at  the  top  by  two  long  cross  pieces.  The  two  long  pieces  C  C  are 
called  the  capes  of  the  loom.  Between  the  two  pairs  of  posts, 
forming  the  ends  of  the  loom,  are  placed  two  C3iindrical  beams, 
the  beam  A  being  the  warp  beam,  upon  which  the  warp  is  wound, 
and  B  the  cloth  beam,  upon  which  the  cloth  is  wound  as  it  is 
woven. 

The  warp  threads  are  placed  parallel  to  each  other,  as  before 
described,  and  are  carried  from  the  warp  beam  A  and  attached  to 
the  cloth  beam  B.  This  is  done  by  threading  the  knotted  ends  of 
the  threads  upon  a  small  rod,  and  wedging  it  into  the  slot  or 
groove  formed  in  the  beam  for  that  purpose,  as  shown  at  X  in 

Fig-.  2. 

In  order  to  keep  the  threads  in  their  relative  positions  and 
parallel  to  each  other,  tw'o  rods  D  D  are  inserted  between  the 
warp  threads  in  such  a  manner  that  each  thread  passes  over  one 
of  the  rods  and  under  the  other  alternately,  as  shown.  Thus  a 
cross  or  leese  is  formed  by  the  threads  between  the  two  rods, 
which  not  only  keeps  the  threads  in  proper  order,  but  enables  the 
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weaver  to  detect  with  ease  the  proper  position  of  any  broken 
thread  that  he  may  have  to  repair.  This  arrangement  of  the 
threads  is  formed  during-  the  process  of  warping,  or  warp  dress- 
ing, and  slashing. 

After  the  warp  has  passed  the  leese  it  is  then  passed  through 


Fig.  2. 
the  heddles,  as  shown  at  H  in  Figs.  1  and  2.  The  heddles  are 
composed  of  a  number  of  threads  or  wires  threaded  between  laths 
or  harness  shafts.  Each  wire  or  thread  has  a  loop  in  the  middle, 
or,  instead,  an  eye,  called  a  mail  or  heddle  eye,  is  threaded  upon 
it,  through  which  the  warp  thread  passes.  There  are  two 
heddles  shown  at  H  H,  one  of  which  receives  every  alternate 
thread  of  the  warp,  and  the  other  receives  the  remainder.  Con- 
sequently, if  either  of  them  be  raised,  it  will  also  raise  the  warp 
threads  which  have  been  threaded  through  the  heddle  eye  or  mails. 


Fig.  3. 
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The  arrang-ement  of  the  warp  threads,  and  the  various  parts 
of  the  loom  which  operate  them,  may  be  best  understood  by 
referring-  to  Fig.  3  on  pag-e  7,  which  is  a  diagram  showing-  each 
warp  thread  separately. 

In  Fig.  3  the  harness  shafts  are  shown  connected  and  bal- 
anced by  cords  passing  over  pulleys,  P  P,  and  the  lower  part 
attached  to  the  treadles  T.  The  right  treadle  is  shown  de- 
pressed, consequently  it  raises  the  other  treadle  and  the  harness. 
Thus  half  of  the  warp  can  be  alternately  raised  for  the  passage  of 
the  shuttle. 

The  warp  is  kept  in  tension  by  means  of  weights  connected 
to  a  rope  passing  once  or  twice  round  the  warp  beam.  The  cloth 
beam  is  provided  with  a  ratchet  wheel  and  pawl  M,  also  with  a 
handle  Z,  for  winding  on  the  cloth  as  it  is  woven. 

In  Fig-.  3  only  one  each  of  the  leeses  is  shown,  but  as  there 
must  be  one  to  each  pair  of  warp  threads,  the  required  number 
must  be  provided  for.  Thus,  if  there  are  500  threads  per  inch 
in  the  width  of  the  cloth,  there  must  be  250  leeses  per  inch  in  the 
warp,  or  250  threads  per  inch  on  each  harness.  But  as  the 
heddles  are  composed  of  material  much  thicker  than  the  warp 
threads,  they  necessarily  take  up  more  room,  and  could  not  be 
placed  upon  one  pair  of  harnesses  in  weaving  fine  warps.  In  such 
cases  more  harnesses  are  used,  each  having  its  share  of  the 
threads,  and  half  of  them  are  raised  at  once,  so  as  to  raise  one- 
half  of  the  warp  threads. 

TUP    HAND    LOOM. 

1.  How  do  the  principles  of  weaving  on  the  hand  loom  and 
power  loom  differ? 

2.  Give  the  uses  of  the  following-  parts  of  a  hand  loom  : — The 
lay,  reed,  heddles,  harnesses,  leese  rods. 

3.  How  does  the  production  and  quality  of  work  of  a  hand 
loom  compare  with  that  of  the  power  loom? 

4.  What  is  the  warping  and  dressing? 

5.  What  are  the  uses  of  the  warp  and  cloth  beams? 

f).  Give  a  short  description  of  the  construction  and  uses  of 
heddles. 

7.  Make  a  diagram  showing  the  arrangement  of  the  warp 
threads,  and  the  various  parts  of  the  loom  which  operate  them. 
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8.  Make  a  sketch  showing-  the  lifting-  of  a  harness  by  the 
treadle. 

9.  How  is  the  warp  kept  in  tension?     Illustrate  by  a  sketch. 

THE    DESIGN    PAPER. 

There  are  three  primary  elements  in  textile  design:  1st,  the 
weave  ;  2nd,  amalgamation  and  combinations  of  weaves  and  form  ; 
3rd,  the  mixing"  and  blending  of  colors  as  applied  to  textile  fabrics. 
These  three  elements,  either  separately  or  connectedly,  are  the 
principal  factors  in  all  woven  fabrics. 

The  object  to  which'a  desig^n  is  to  be  applied  is  of  the  utmost 
importance  ;  the  designer  must  know  the  uses  to  which  the  fabric 
is  to  be  applied  and  the  purposes  it  is  intended  to  serve.  Search- 
ing- the  dictionaries  as  to  the  true  meaning-  of  "  design,"  we  find 
that,  in  its  broadest  sense,  "  desig-n  "  is  a  sketch  or  a  plan.  But 
this  interpretation  of  design  as  applied  to  cloth  construction  is  not 
all  that  is  necessary.  When  an  architect  draws  the  plan  of  a 
house,  a  draug-htsman  the  plan  of  a  machine,  or  an  engineer  the 
plan  of  a  bridge,  he  first  studies  out  the  convenience  of  arrange- 
ment, the  conditions  as  to  strength,  durability,  and  utility,  and 
other  requirements  which  are  necessary  to  the  purpose  to  which 
they  are  to  be  applied,  and  it  is  indispensable  that  all  these  par- 
ticulars be  considered  in  their  entirety.  Therefore,  a  textile 
desig-n,  or  the  design  of  a  woven  fabric  and  its  specification  when 
complete,  is  a  perfect  working  plan,  descriptive  and  illustrative  of 
the  arrang-ement  and  character  of  all  the  component  parts  and 
processes.  It  describes  the  different  materials,  as  to  quality  and 
kind,  character,  size,  and  color  of  the  yarn,  gives  the  arrangement 
of  the  threads,  also  quantities  and  proportions.  The  desig^n  illus- 
trates the  construction  of  the  fabric,  and  the  specification,  or  lay 
out,  describes  special  processes  and  operations.  To  be  complete 
and  perfect,  it  should  be  so  comprehensive  that  any  qualified 
manager  could  produce  the  desired  fabric  from  it  without  any 
further  instructions.  If  it  is  required  that  working  plans  for  a 
house,  machine  or  bridge  should  be  produced  with  neatness  and 
precision,  surely  these  requisites  are  much  more  necessary  in  a 
textile  design,  which  should  be  made  with  a  perfect  knowledg-e  of 
that  which  pleases  the  eye  ;  in  fact,  all  of  which  should  combine  to 
produce  an  artistic  piece  of  work. 

We  commence  our  studies,  therefore,  with  a  faint  idea  of 
what  a  design  should  consist,  but  assuming-  ourselves  to  be  ignor- 
ant of  the  whole  subject,  so  that  the  detail  and  elementary  princi- 
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pies  can  be  dealt  with  and  their  practical  application  shown  in  the 
simplest  manner. 

USE  OF  SQUARED,  DESIGN,  POINT  OR  RULED  PAPER. 

This  paper  is  ruled  so  as  to  represent  a  series  of  squares 
surrounded  by  a  heavy  line.  These  squares  are  ag-ain  divided 
by  fainter  or  smaller  lines  into  eight  or  more  squares,  as  shown 
in  Fig-.  4. 

The  use  of  ruled  paper  is  a  mystery 
to  the  majority  of  people,  although  it  is 
exceedingly  simple  when  the  first  rudi- 
ments and  principles  are  understood. 
To  have  a  clear  and  proper  conception 
of  the  use  of  design  paper,  it  will  be 
necessary  for  the  student  to  divide  the 
squares  into  two  distinct  systems.  First, 
to  suppose  that  there  are  a  series  of 
vertical  and  no  horizontal  lines.  Second, 
that  there  are  a  series  of  horizontal  and 
no  vertical  lines. 
It  is  universally  understood  that  woven  fabrics  in  general 
have  two  systems  of  threads  ;  first,  the  warp  threads  ;  second,  the 
weft  or  woof  ;  the  weft  is  commonly  called  the  filling.  These  are 
the  two  requisite  things  to  form  the  plainest  or  most  elaborate 
woven  cloth. 


Fig-.  4. 


WHAT  IS  THE  MEANING  OF  WARP  AND  FILLING? 

Warp  is  the  set  of  threads  that  runs  lengthwise  in  woven 
goods,  or  the  longitudinal  threads  that  are  drawn  through  the 
harness  and  reed  which  face  you  when  you  are  looking  at  a  loom 
that  is  weaving  a  fabric.  Warp  is  represented  on  the  design 
paper  by  the  vertical  or  perpendicular  series  of  small  squares. 

The  weft  or  filling  is  the  set  of  threads  put  in  by  the  shuttle, 
and  runs  from  one  side  of  the  cloth  to  the  other,  interlacing  the 
warp  at  right  angles,  and  is  represented  on  the  white  board  or 
design  paper  by  the  transverse  or  horizontal  series  of  small 
squares.  It  should  be  clearly  understood  that  these  two  systems, 
warp  or  vertical  squares,  Fig.  5,  filling  or  transverse  squares. 
Fig.  6,  form  the  fabric  or  design.  The  object  of  point  paper 
designing  is  to  reproduce  an  imitation  of  the  cloth  and  to  show 
the  method  of  interlacing  in  the  fabric. 
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The  error  that  is  usually  made  by  beg-inners  is  that  each 
'  square  is  thoug-ht  of  by  itself,  without  taking  into  con- 
-    sideration  that  each  line  of  squares, 

.    either  vertical  or  horizontal,  forms  ~   I  |  j~["|""t~{~|~^M~Mz| 
the  design. 


Another  object    of    the    ruled  Fi^.  c.-Fminff. 

paper   is   to  enable   the   designer   to   show  a   plan  of    the 

fabric    exactly    as    it   would    appear   when    looking   down 

upon   it.     This   will    be   more   readily    understood    by  an 

tJ   examination  of  Fig.  7,  plain  weave,  which  may  be  woven 

Fig. 5.  on    two   harnesses.     This   is   always    called    the    plain    or 

^^"■P-  cotton  weave.     The  black  and  colored  pegs  on  the  design 

board,   or   marks,    crosses  or   dots  on   the    design 

paper,   will    always    represent    the   warp    threads 

raised,  unless  otherwise  specified.  f 


In  this  weave  there  are  only  two  movements,    c|« 
one  up  and  one  down;  the  threads  of  the  warp  are   a 


drawn  through  the  harness  as  follows:  First  thread 
through  the  eye  of  the  first  heddle  on  the  front  or  fi^.V 

first  harness;  second  thread  through  the  eye  on  Plain  weave. 
back  or  second  harness.  This  operation  is  repeated  over  and 
over  again,  until  the  whole  of  the  threads  of  the  warp  are  drawn 
through  the  harnesses.  The  1st,  3rd,  5th,  and  7th  are  drawn  on 
the  front  harness,  and  the  2nd,  4th,  6th,  and  8th  are  drawn  on  the 
back  harness.  The  harness  may  be  increased  to  4,  6,  or  8,  or 
any  even  number,  to  the  capacity  of  the  looms,  and  in  accordance 
with  good  judgment  as  to  the  crowding  of  the  threads  in  the 
loom. 

Fig.  8  is  a  sketch  of  the  enlarged  section  of  a  fabric  woven 
on  this  principle;  it  is  a  simple  interweaving  of  one  thread  alter- 
nately over  the  other. 

First  thread  or  harness  up  and  second  thread  or  harness 
down.  A  pick  of  filling  is  now  put  in  and  the  loom  changed  to 
the  second  pick.  By  inspection  a  filling  thread  is  seen  to  be 
laid,  under  the  1st,  3rd,  5th  and  7th  threads  and  over  the  2d, 
4th,  6th  and  8th  threads.  A  second  pick  is  put  in  and  the  lay 
of  the  loom  swung  over  the  next  pick.  Now  the  filling  thread  is 
laid  over  the  1st,  3d,  5th,  and  7th  threads  and  under  the  2d,  4th, 
6th,  and  8th  threads;  the  third  pick  will  be  like  the  first  and 
the  fourth  pick  will  be  like  the  second.  These  two  movements 
are  repeated  over  and  over  again  until  the  web  or  warp  is  woven 
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out.  This  constitutes  a  plain  weave,  and  the  appearance  of  the 
enlarg"ed  diagram,  Fig".  8,  is  somewhat  like  the  interlacing- of  the 
strips  of  willow  in  the  making  of  baskets  and  mats.  The  two 
systems    of  threads    cannot    be  seen    at    the    same    time  in   the 


Fig.  8. — Diagram. 

same  position  on  the  surface  on  the  cloth,  that  is,  when  a  fill- 
ing thread  is  seen  on  the  surface,  the  warp  over  which  it  goes 
must  be  covered;  thus,  if  a  black  pick  goes  over  a  white 
thread  it  is  the  black  pick  that  is  seen  on  the  surface  of  the 
fabric  and  covers  the  white  warp  from  view. 

Explanation  of  weave,  Fig.  7.  Notice  that  on  the  first 
thread  the  black  represents  warp  raised,  and  the  second  thread 
has  no  mark  which  signifies  that  this  thread  is  depressed; 
note  that  the  3d  and  4th,  5th  and  6th,  7th  and  8th  are  repeti- 
tions of  the  first  and  second  threads. 

Now  examine  the  filling,  A  and  B,   Fig.  7. 

A  is  represented  as  interlacing  under  No.  1  and  over  No. 
2,  under  No.  3  and  over  No.  4,  under  No.  5  and  over  No.  6, 
under  No.  7  and  over  No.  8.  B  is  represented  as  interlacing 
over  No.  1  and  under  No.  2,  over  No.  3  and  under  No.  4, 
and  so  on.  C  and  D,  K  and  F,  G  and  11  arc  repetitions  of 
A  and  B.  To  thoroughly  understand  the  use  of  design  paper, 
the  main    fact    to  be  borne    in  mind  is  the    continuity  of  every 
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Fig.  9. 
Plain  Cloth,  Four  Repeats 


individual  thread,  either  in  the  warp  or  filling-;  and  in  making- 
a  desig-n  the  leading-  consideration  is  that  it  shall  be  so  ar- 
rang-ed,  that  whatever  the  pattern,  it  shall  be  continuous  and 
unbroken,  on  the  same  principle  as  when  we  cover  our  walls 
with  paper,  or  floor  with  carpet,  the  pattern  must  join  per- 
fectly and  be  continuous,  or  the  broken,  irreg-ular  pattern  will 
offend  the  eye. 

How  this  affects  the  design  will  be 
best  understood  by  a  close  study  of 
Fig-.  9.  Nos.  3  and  4  are  a  repetition 
and  continuation  of  1  and  2,  5  and  6, 
of  3  and  4,  and  7  and  8,  of  5  and  6, 
and  so  on.  Fig-.  8,  as  previously  stated, 
is  an  enlarged  section  of  the  woven 
fabric  on  the  plain  or  cotton  cloth 
weave. 

Fig.  10  illustrates  the  principles  of 
the  vertical  and  transverse  lines  and 
construction  of  the  point  paper.  The 
vertical  stripes  in  Figs.  9  and  10  cor- 
respond with  the  warp  threads  No.  1 
to  No.  8  in  Fig-.  8,  also  the  trans- 
verse stripes  A  to  H  correspond  with 
the  filling  threads  A  to  H  in  Fig.  8. 
From  this  it  will  be  seen  that  each 
warp  thread  has  a  strip  of  squares 
and  that  each  filling  pick  has  a  strip 
Fig.  10  — Funnation  of  Desig-n  Paper  of   squarcs  On   the   design    paper.      If 

.point  paper  was  ruled  after  the  man- 
ner of  Fig.  10,  it  would  be  difficult  to  see  a  pattern  at  a  glance, 
as  the  profusion  of  lines  would  be  confusing-.  To  overcome  this 
the  paper  is  ruled  without  the  spaces  between  the  threads,  as 
shown  on  Fig.  lU,  but  the  spaces  are  represented  with  lines  as 
in  Fig.  4.  So  we  must  understand  that  the  lines  do  not  rep- 
resent threads,  but  indicate  the  divisions  between  the  threads, 
and  it  is  this  that  enables  an  accurate  plan  of  cloth  to  be  made. 
When  this  strip  arrangement  is  fully   understood,  the  first 
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principles  of  design  will  be  readily  overcome. 
POINTS    TO    BE    REMEMBERED 

First— The  small  lines  represent  places  of  intersection. 
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Second — A  mark,  cross,  or  dot  on  one  of  the  small  squares 
indicates  that  such  thread  is  raised — the  filling  is  under  and 
the  warp  on  the  surface. 

Third — An  empty  space  or  small  square  represents  that 
the  filling  is  on   the  surface,  thereby  covering-  the  warp. 

Fourth — That  the  black  lines  do  not  represent  threads  and 
picks,  but  indicate  divisions  between  them. 

Fifth — That  the  pattern  must  be  continuous  and  unbroken. 

PLAIN    CLOTH. 

A  plain  cloth  makes  a  very  strong  and  firm  texture,  but 
it  is  not  a  very  close  or  heavy  fabric.  The  threads  do  not  lay 
as  close  or  compact  as  in  other  weaves.  If  a  plain  cloth  is  not 
fulled  or  shrunk  in  the  finish,  it  is  perforated  to  a  more  or  less 
degree,  according  to  the  size  or  twist  of  yarns  used.  These 
perforations  vary  greatly  under  different  conditions;  if  very 
heavy  or  coarse  threads  are  used,  the  perforations  will  be  large; 
if  finer  threads  are  used,  the  perforations  will  be  smaller. 
There  are  other  conditions  which  may  alter  and  change  the 
texture  of  the  plain  weave. 

Fig.  n.     Cut  Section 

If  the  threads  are  twisted  hard,  the  result  is  a  wiry  and 
open  cloth,  but  if  the  structure  is  studied,  yarns  are  made  ac- 
cording to  the  requirements  and  the  fabric  brought  to  a  closer 
and  more  compact  texture.  There  is  an  important  matter  in  the  se- 
lection of  yarns,  that  is,  the  direction  of  the  twist.  It  is  noticed 
that  when  two  pieces  of  heavy  cord  or  rope,  of  the  same  twist, 
are  twisted  together,  they  will  interlay  or  become  imbedded  with 
each  other,  but  if  ropes  of  contrary  twist  are  twisted  together, 
they  do  not  lay  close  or  compact  and  there  are  large  perfora- 
tions. This  is  because  the  ridges  of  the  twist  cannot  lay  com- 
pact. These  are  some  of  the  first  and  important  considerations 
which  we  should  not  forget  in  the  construction  of  our  first  plain 
cloth. 

So  far,  we  have  been  studying  the  rudiments  and  foundation 
of  a  true  plain  fabric,  that  is,  a  fabric  where  the  warp  and  fill- 
ing are  equal,  both  as  to  size  of  yarn,  number  of  threads,  and 
picks  per  inch. 
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THE  DESIGN  PAPER. 

1.  Describe  and  illustrate  the  ruling  of  design  paper. 

2.  Define  the  term  "warp." 

3.  (a)  How  is  warp  represented  on  design  paper? 

(b)  How  is  warp   placed  in  the  loom?     Describe    fully. 

4.  Define  the  term  "filling." 

5.  (a)  How  is  filling  represented  on  design  paper? 

(/>>)  How  is  filling  placed  in  the  loom?     Describe   fully 

6.  What  is  the  object  of  point  paper  designing? 

7.  What  forms  the  design  on  design  paper? 

8.  What  is  the  plain  or  cotton  weave? 

9.  How  many  harnesses  are  required  for  the  plain  weave? 

10.  What  do  the  black  or  colored  squares  on  design  paper 
represent? 

11.  Give  a  complete  description  of  the  drawing-in  of  the 
first  and  second  threads  of  plain  weave. 

12.  Which  threads  in  a  "repeat  of  eight"  in  plain  weave 
are  drawn  in  on  the  front  harness?     On  the  back  harnesses? 

13.  Do  the  number  of  harnesses  used  in  plain  weave  ever 
exceed  two?     If  so,  why? 

14.  What  is  a  diagram? 

15.  Make  a  diagram  of  plain  or  cotton  weave  (six  threads 
and  six  picks). 

16.  Describe  fully  the  weaving  of  the  first  pick  in  plain 
weave. 

17.  Describe  fully  the  weaving  of  the  second  pick  in  plain 
weave. 

18.  How  does  the  third  pick  differ  from  the  first  and  second 
picks? 

19.  How  does  the  fourth  pick  differ  from  the  first  or 
second  picks? 

20.  Can  the  two  systems  of  threads  (warp  and  filling)  be 
seen  in  the  same  position  on  the  surface  of  the  cloth?  State 
your  reasons. 

21.  Describe  the  weaving  of  the  first  thread  in  plain  weave. 

22.  Which  threads  weave  over  the  first  pick  in  a  repeat  of 
eight? 

23.  Which  threads  weave  under  the  second  pick  in  a  re- 
peat of  eight? 

24.  Describe  the  continuity  of  a  pattern. 
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25.  What  is  the  necessity  of  a  continuous  pattern?     Illus- 
trate by  the  cotton  weave. 

26.  (d)  What  is  the  principle  of  the  vertical  lines  on  design 
paper? 

(/;)    What   is   the    principle   of    the    horizontal    lines   on 
desig-n  paper? 

27.  Describe    the   principles   of   the   construction  of   desig-n 
paper,  explaining-  the  meaning  of  the  lines  and  spaces. 

28.  How  are  the  divisions  between   the    threads    shown  on 
design  paper? 

29.  State   what    the    following    denote    on   design    paper: — 
Small  lines,  crosses,  an  empty  space. 

30.  What  is  the  effect  of  a  pattern  which  is  not  continuous? 

31.  Describe  the  texture  of  a  plain  cloth. 

32.  Compare  the  threads  of  a  plain  vveave  with  other  weaves 
in  regard  to  compactness. 

33.  What  is  the  appearance  of  a  plain  cloth  if  not  subjected 
to  fulling? 

34.  Compare  two  plain  cloths,  one  woven  from   coarse  yarn, 
the  other  from  fine  yarn,  the  finishing  processes  being  omitted, 

35.  What  is  the  effect  of  a  hard  twisted  yarn  in  plain  cloth? 

36.  Compare  the  texture  of  two  plain  cloths,  one  woven  from 
yarns  of  similar  twist,  the  other  from  yarns  of  contrary  twist. 

37.  Which   of   the  cloths   in   question  36  will    be  the  more 
compact  in  texture? 

38.  Make  a  cut  section  of  the  first  pick  of  a  plain  cloth. 

39.  What  are  the  three  primary  elements  in  textile  design? 

40.  Define  the  word  "design." 

41.  What  are  the  principal  requirements  of  a  design? 

42.  Give    the    particulars   required    for  a   specification  of   a 
complete  design. 

43.  What  specifications  must  be  made  regarding  yarns  when 
designing  a  textile  fabric? 

44.  Is  art  considered  of  any  importance  in  textile  designing? 

45.  Name  five  cloths  woven  from  plain  weave. 

TWILLS  AND  DIAGONALS. 
After  the  plain  weave  has  been  thoroughly  understood,  the 
next  step  is  a  study  of  twill  weaves.  These  are  weaves  in  which 
the  intersections  of  the  warp  and  filling  threads  are  such  that 
they  produce  lines  diagonally  across  the  fabric,  either  from  right 
to   left   or   from   left   to  right,  at  an  angle  of  45  degrees.     The 
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simplest  twill  weave  that  can  be  constructed  is  one  for  three  har- 
nesses, variously  known  as  the  3-harness  twill,  prunella  twill,  and 
3-harness  doeskin.  These  names  vary  according-  to  the  nature 
of  the  material  or  the  relations  of  warp  and  fillin*^-  employed 
in  the  construction  of  the  particular  kind  of  fabric  referred  to. 

Fig-.  12  is  an  illustration  of  this  simple  twill  weave. 
It  shows  the  three  different  positions  of  the  threads  to 
form  the  twill,  and,  as  in  plain  cloth,  it  must  be 
observed  that  whenever  the  warp  is  raised  an  indica- 
tion is  made  in  the  corresponding-  small  square  on  the 
Fit,'.  12.  design,  and  thus  denoting-  which  thread  is  elevated 
■v/hen  the  filling-  pick  or  thread  is  inserted. 

Fig-.  13  shows  an  enlarg-ed  diag-ram  of  a  fabric  woven  upon 
this  principle.  It  will  be  noticed  that  the  warp  thread  No.  1  is 
raised,  as  indicated  by  the  mark  in  the  small  square  at  the  left- 
hand  lower  corner  in  Fig-.  12,  the  first  pick  A  passes  under  it  and 
over  Nos.  2  and  3.  On  the  second  pick  the  mark  is  on  the  second 
thread,  consequently  the  filling^  thread  B  passes  over  No.  1,  under 
No.  2,  and  over  No.  3.  And  on  the  third  pick  the  mark  is  on  the 
third  thread,  therefore  the  third  filling-  thread  passes  over  Nos.  1 
and  2  and  under  No.  3. 


Fiir.  14. 


Fig.   13. 

Fig-.  14.  In  this  desig-n  the  pattern  is  complete  within  a  given 
space,  and  it  makes  no  difference  to  what  proportions  the  desig-n 
may  be  extended,  it  will  be  a  continuous  and  unbroken  repetition 
of  the  first  three  threads,  Nos.  1,  2,  3,  also  the  first  three  picks, 
A,  B,  C,  as  shown  in  desig-n  No.  14.  If  Fig-s.  14  and  15  are 
examined,  the  conditions  are  quite  opposite,  and  it  will  be  noticed 
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that  it  is  a  simple  reversal  of  the  twill,  that  is,  the  warp  is  elevated 
two  threads  of  the  complete  desig-n,  viz.:  the  first  two  threads 
are  raised  as  indicated  by  marks,  while  the 
thifd  thread  is  depressed — exactly  the  reverse 
of  Figs.  12,  13,  14. 

In  these  examples  every  three  threads  and 
picks  are  an  exact  repetition  of  the  first  three, 
and  any  number  of  threads  may  be  taken  from 
one  side  and  placed  on  the  other  side,  or  they 
may  be  taken  from  top  or  l)ottom.  The  twill  is 
continuous  and  unbroken  ^^ 

Fig.  15 

In  the    absence    of  desig-n    paper    there    are    other   ways  of 
indicating-  a  weave.     Take  the  plain  weave  as  the  first  example: 

It    can   be   stated 


thus: 


1 


or 


written   1  up  and 
1  down. 

Second  exam- 
ple. The  3  har- 
ness prunella 
twill,  filling-  flush, 
or  1  up  and  2  down 

1 
or    ^. 

Third  example. 
The  3  harness 
doeskin  twill, 
warp  flush,  or  2 
up  and  1  down,  or 


Fitr.  u, 


1 


The  word  up,  or  fig-ure  above  the  line,  indicates  the  num- 
ber of  threads  to  be  raised  on  each  pick,  while  the  word  down, 
or  fig-ure  below  the  line,  sig-nifies  that  such  threads  must  be 
depressed  for  the  filling-  to  pass  over. 

Twills  are  divided  into  two  classes,  those  which  are  even- 
sided  and  those  which  are  uneven.  The  even-sided  twills  are 
those  where  the  warp  and  filling-  are  evenly  balanced.  By  ex- 
amination   of  Fig-.   17   and    Diag-ram    18,  it  will    be  noticed    that 
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Fitf.  1 


Fig.  18 

the  number    of    threads    raised    are    equal    to   the    number   of 

threads    depressed,  that    it  is  a  4-harness    twill,  and    that  each 

succeeding  four  threads  and  picks  are  a  repetition  of  the  first 

four.     The    line  of    twill    is    continuous    and    unbroken.     This 

weave  is  called  the  4-harness  common  twill,  cassimere  or  shal- 

2 
loon  twill.     The  written   formula  is  2  up  and  2  down,  or 

The  uneven-sided  twills  are  of  two  kinds 


B               1      . 

-1-,"-," 

a     .3 

.--B 

-those  on  an  even 
number  of  harness  and  those  on  an 
uneven  number  of  harness.  Fig-.  19 
is  an  uneven-sided  twill  on  an  even  num- 
ber of  harness,  representing-  the  4  har- 
ness swansdown,  having  three-fourths 
of  the  filling  on  the  surface.     Formula, 

•     The  reverse  of  this  weave  would 


Fig.  !9 


be 


,  and  indicating  the  warp  surface 


weave,  commonly   called   the   crow  weave. 

Fig.  20  represents  an  uneven-sided 

twill  on  an  uneven  number  of  harnesses. 

On   this  weave   it   will   be   noticed   that 

there  are  only  two  threads  raised,  while 

there   are  three   depressed.      Formula, 

2 

-■     This  weave  can  be  reversed  so 

that  the   conditions  would   be  opposite. 

Formula,  -• 
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Attention  is  ag-ain  called  to  the  ang-le  of  the  twill.  It  is  con- 
tinuous and  unbroken  and  at  an  angle  of  45  degrees.  In  de- 
signing twills  always  begin  at  the  lower  left-hand  corner  of  the 
design  and  make  out  the  angle  of  the  twill  for  the  full  number  of 
tile  threads,  both  for  the  warp  and  tilling.  Thus,  a  full  weave  of 
an  8-harness  twill  will  require  eight  threads  and  eight  picks  and 
eight  small  squares  each   way  of  the  design  paper. 

Kach  design  should  be  carried  to  fully  twice  the  origin;il 
number  of  threads  and  picks.  Study  each  side,  top  and  bottom. 
Also  study  the  tertnination  when  a  pattern  is  complete.  The 
number  of  threads  and  j)Icks  to  complete  t!ie  design  should  be 
seen  at  a  glance  and  in  repetition  it  should  be  continuous  and 
unbroken. 

Fig.  21  is  a  cut 
section  of  the  first 
pick  of  weave  in 
Fig.    15. 

Fig.  22  is  a  cut 
section  of  the 
second  pick  oi 
weave  in  Fig.  15. 
Fig.  23  is  a  cut 
section  of  the 
third  pick  of 
weave  in  Fig.  15. 
Fig.  24  is  a  cut 
section  showing 
the  three  i)icks  as 
they  would  appear 
in  the  cloth,  Fig.  15 
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Fig-.  24 


Fitr.  25 

Fig.  25  is  a  cut  section  of  the  first  pick  of  weave  in  Figs.  17 
and   18. 


4« 
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Fig.  26  is  a  cut  section  of  the  second   pick  of  weave  in  Figs. 
17  and  18. 
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Fig'.  27  is  a  cut  section  of  the  Mrst  and  second  i)icks  combined 
of  Fiii"s.  17  and  18. 

TWILLS  AND  DIAGONALS. 


1.  What  is  a  twill  weave? 

2.  What  anofle  of  degree  is  most  common!}'  used  for  twill 
weaves? 

3.  (a)  What  is  the  simplest  twill  weave  that  can  be  con- 
structed? 

(b)   Give  the  various  names  for  this  weave. 

4.  Make  a  diag-ram  of  two  repeats,  warp  and  filling-  of  the 
weave  named   in  3b. 

5.  Should  twills  be  broken  or  continuous  in  the  repeat? 
State  the  reason   for  your  answer. 

6.  Make  a  desig^n   for  a  warp  flush,  3-harness   twill. 

7.  How  does  the  weave  in  question  (>  compare  with  the 
weave  in  question  4? 

8.  In  the  absence  of  desig^n  paper,  how  are  the  following" 
weaves  expressed: — Plain,  3-harness  twill  warp  Hush,  3-harness 
twill  filling-  flush? 

').     Define  the  terms  "up"  and   "down." 

10.  Name  the  two  classes  of  twills,  g-iving-  an  example  of 
each. 

11.  Make  a  complete  desig-n  and  diag-ram  of  the  cassimere 
twill. 

12.  Give  the  various  names  used  for  the  cassimere  twill, 
and  show  how  this  weave  may  be  expressed  in  the  form  of  a 
written  formula. 

13.  Make  desig^ns  for  the  swansdown  and  crow  weaves. 

14.  Give  written   formula?  for  weaves  in  question   13. 

15.  (a)   Make  a  desig-n  two  repeats  warp  and   filling-  of  the 

twill. 

(b)  To  what   class  of   twills  does  this  weave    belong-. 

16.  Give  the  method  in  full  for  designing-  a  twill,  using 
as  an  example  the  3  up  and  3  down  twill. 
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17.  What  is  the  advantagfe  in  carrying  out  twills  to  twice 
their  repeat  warp  and  filling-?     Describe  fully. 

18.  Make  cut  sections  of  the  first  pick,  second  pick,  third 
pick,  and  first,  second  and  third  picks  combined  of  the  2  up,  1 
down  twill. 

19.  Illustrate  by  cut  sections  the  difference  between  the 
prunella  and  shalloon  twills. 

20.  Make  designs  for  each  of  the  following  weaves: — Pru- 
nella, doeskin,  swansdown,  crow,  cassimere  and  basket. 

INTERSECTIONS,    INTERLACING,    INTERWEAVING, 
AND    CUT   SECTIONS. 


What  is  the  meaning  of  intersecting,  interlacing,  and  in- 
weaving?    Take  the  plain   weave   for  an  example,  -•     If    a 

number  of  threads  are  taken  and  the  1st,  3d,  5th,  7th,  and  so 
on  lifted  and  the  2d,  4th,  6th,  8th,  and  so  on  depressed,  and 
between  these  sets  of  threads  a  pick  of  filling  is  introduced, 
we  should  be  interlacing  or  interweaving  the  warp  threads. 
What  would  be  the  result?  Figure  28  illustrates  the  section 
of  eight  warp  threads  in 
a  plain  cloth,  interwoven 

with  one   pick  of  filling,  j       i       j       4       s       6       7      s 

A.     We  have  1st  thread,  fi^- 28 

then  an  intersection  of  filling;  2d  thread,  then  intersected  by  fill- 
ing, thus:  1st  thread  and  one  intersection,  2d  thread  and  one 
intersection. 

The  answer  to  the  above  question  is:  Interlacing  and  inter- 
weaving is  inserting  the  filling  between  two  or  more  systems  of 
warp  threads,  while  the  intersection  is  the  space  occupied  by  the 
warp  or  filling  between  any  number  of  threads,  warp,  or  filling. 
On  the  design  paper  the  spaces  represent  the  warp  and  filling, 

while  the  lines  represent  the  intersections. 

1 
Take   the    next    example,   the     three-harness    weave, 

one  thread  up  and  one  in- 
tersection, two  threads 
down  and  one  intersection. 


Now   examine  the  cassimere  or  shalloon   twill. 


Notice 
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that   the   filling-  thread   interweaves   alternately   over  and  under 

two  warp  threads,  and  in  the  same 
order  the  warp  threads  interlace 
over  and  under  two  fillinj^f  threads. 


Fig-.  30 

2 
By   studying-  the   weave,  — 

succeed inof    fillinof    thread     doe^ 


twill,    it   is   found   that   each 


Fig.  31. 


2 

not  pass  over  the  same  two 
warp  threads,  nor  does  each  consecutive  warp  thread  in- 
terlace over  or  under  the  same  two  filling  threads,  nor 
are  they  alternate  as  in  plain  cloth,  but  each  change  in 
reg-ular  consecutive  order.  The  first  pick.  A,  interweaves 
over  the  threads  Nos.  1  and  2,  and  under  Nos.  3  and  4; 
the  2d  pick,  B,  passes  under  No.  1,  over  Nos.  2  and  3,  and 
under  No.  4  ;  the  3d  pick,  C,  passes  under  Nos.  1  and  2, 
and  over  Nos.  3  and  4;  the  4th  pick,  D,  passes  over  No.  1, 
under  Nos.  2  and  3,  and  over  No.  4.  The  5th  pick  is  a 
repetition  of  No.  1  and  so  on.  The  design  is  continuous 
and  unbroken,  each  thread  and  pick  advancing  one  before 
it  rises  to  the  surface  or  passes  to  the  back  of  the  fabric. 
It  is  this  order  of  interlacing-  that  has  the  effect  of  producino- 
in  the  cloth  distinct  twills  or  diag-onal  lines  at  an  angle  of  45 
degrees. 

This  mode  of  interweaving-  is  called  the  even  or  balanced 
system.  There  are,  as  in  the  plain  weave,  as  many  of  each 
system  of  threads  on  the  face  of  the  cloth  as  there  arc  on 
the  back.  The  long-er  the  intervals  that  the  warp  and  filling-  are 
interwoven  and  interlaced,  the  more  material  may  be  introduced 
to  g-ain  weig-ht  and  substance. 

Examine  the  three  weaves  under  consideration.  Plain 
weave  —one  up  and  one  intersection,  one  down  and  one  inter- 
section, or  two  threads  and  two  intersections.  As  shown  in  the 
lessons  on  the  plain  weave  that  when  constructed  on  the  truest 
principles,  warp  and  filling  of  the  same  size,  and  the  number  of 
threads  and  picks  per  inch  being  equal,  it  ^vill  make  a  cloth  more 
or  less  perforated  according  to  the  material  used.  The  fal^ric 
would  be  built  to  withstand  wear,  tear,  and  friction,  but  bulk  and 
compactness  could  not  be  obtained.     Examine  the  three-harness 

twill,   ^ -^-    There 

Pi     ,,  are  two  intersections 
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FifT.  33. 


in  every  three  threads,  one  up  and  one  intersection,  two  down 

and  one  intersection,  allowing-  threads  Nos.  2  and  3  to  lie  close 

tog-ether   without   any   perforations. 

2 
In   the   four-harness,  ^  cassimere    twill,   there  are   only 

two  intersections  on 
^  every  four  threads. 
Two  threads  up  and 
one  intersection,  and  two  threads  down  and  one  intersection, 
thus  giving  still  more  opportunity  to  g-ain  weight  and  compact- 
ness of  texture,  as  an  examination  of  the  cut  section  No.  33  will 
show — in  the  first  pick,  the  first  and  second  threads  are  lying- 
tog-ether  side  by  side,  then  an  intersection,  third  and  fourth 
threads  lying-  together,  then  an  intersection,  and  so  on,  consecu- 
tively and  continuously.  The  three  weaves  on  twelve  threads 
and  their  intersections  stand  as  follows:  Plain  weave  Fig-.  34,  12 
threads,  12  intersections;  three-harness  twill  Fig.  32,  12  threads, 


Fitr.  34. 

8  intersections;   cassimere   twill   Fig-.   33,   12  threads,   6  intersec- 
tions. 

Take  another  example:     The  four-harness  filling  flush  twill 
commonly  called  the  swansdown  weave:  one  up  and  three  down, 

3 

.       In     these     two    weaves 


or   the   warp  flush  crow  weave, 

there  are  only  two  intersections  on  four  threads,  and  there  are 
three  warp  threads  lying  close  together,  either  on  the  face  or 
back  of  the  cloth.  These  weaves  give  more  liberty  to  use  heavier 
material  or  a  greater  number  of  threads  in  the  warp  or  filling, 
according  to  the  weave  used. 


Warp  Flush. 

Fiff.  35. 


FifT.  3(j— Fillirifr  Flush. 

These   arc   items   that   must  be  considered   when  designing- 
textile   fabrics. 
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INTERSECTIONS,  INTERLACINQS,  AND  CUT  SECTIONS. 

1.  What  is  interlacing  and   interweaving-? 

2.  What  is  an  intersection? 

3.  Define  the  term  "cut  section,'"  illustrating-  by  a  cut 
section  of  a  pick  of  filling  weaving  plain  with   eight  warp  threads. 

4.  How  is  an  interlacing  represented  on  design  paper? 

5.  How  is   an    intersection   represented  on   design    paper? 

6.  Make  a  cut  section  of  the  first  and   third    picks  of  the 

twill. 

2 

7.  What  is  a  cassimere  or  shalloon  twill? 

8  Make  a  cut  section  of  the  first  and  third  picks  of  the 
cassimere  twill. 

9.  How  does  the  third  pick  in  the  cassimere  twill  differ 
from  the  first? 

10.  Make  a  cut  section  of  the  first  thread  of  the  cassimere 
twill. 

11.  Describe  the  interweaving  of  the  first  four  picks  of  the 
cassimere  twill. 

12.  Give  the  method  of  producing  a  45°  twill,  illustrating  bv 

2       1 

13.  What  is  the  even,  or  balanced  system  of  interweaving? 
Describe   fully. 

14.  How  is  weight  and  substance  gained  in  the  even  system 
of  interweaving? 

15.  How  do  two   fabrics,  one  woven   plain,  the  other  2  up, 
1  down  twill,  compare  in  regard  to  weight  and  compactness? 

16.  Compare  the  fabrics  in  question  15  with  a  fabric  woven 
cassimere  twill,  for  weight  and  size  of  yarn. 

17.  How    many    intersections  are    there  in    twelve    threads 
each  of  the  three  weaves  in  questions  15  and   16? 

18.  Describe  the  difference  between  a  warp  flush  and  a  fill- 
ing flush  weave. 
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FANCY  DEGREE  TWILLS. 

The  student  must  not  confine  himself  to  what  are  commonly 
known  as  simple  twills,  but  should  find  out  how  many  designs 


■I 


■I 


Fig.  37 


Fiff.  3S. 


and  what  variety  he  can  produce  upon  a  given  number  of  threads. 
The  best  plan  in  going  about -this  work — and  this  holds  good  in 
every  branch  of  the  work — is  to  proceed  in  the  most  systematic 
manner. 

For  instance,  take  five  threads  as  a  base  and  work  out  as 


■I 


Fig.  39. 


Fiff.  40. 


many  regular  twills  as  possible.  These  are  given  in  Figs.  37, 
3cS,  39,  40,  41,  and  42,  which  show  the  full  limit  in  producing  what 
are  commonly  known  as  "regular  twills"  on  five  harnesses. 

This  expression  "regular  twills"  must  be  understood,  as  it 
is  in  the  trade,  to  apply  to  twills  running  at  an  angle  of  45 
degrees,  and  with  no  fancy  figure  accompanying  it. 
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It  will  be  noticed  that  all  45-deg-ree  twills  move  or  advance  1 
thread  to  the  rig-ht  until  the  full  repeat  of  the  weave  has  been 
obtained  and  can  be  worked  out  from  a  written  formula,  thus: 


Fig-.  37, 
2      1 


1 


;  Fig-.  38, 


•,  Fig-.  39, 


Fig.  40, 


;Fi< 


41, 


;  Fi-.  42, 


1 


1  1'  *  '  1  2 
pick  of  each  desig-n,  which  is  a  45- 
deg-ree  twill,  but  when  the  twill 
is  irregular  there  must  be  another 
method  of  indicating  the  weave. 

For    instance.   Fig.   37    is    on    5 
harnesses    and    could    be    indicated 

-:  or  1  +  1  +  1  +  1  +  1,  or  1,  the 


•7  >      ^     •&>  •     "'7  rj   7      -     -!-»•        •■'7  -1   ; 

These  examples  refer  to  the  first 


move  number,  or 


1 


.A. 


The  weave   on  4   harnesses,   as 
shown  at   Fig-.  43,  is    known  as  the  ^'f-'  ^^-  ^'«-  '^*- 

70-degree  steep  twill,  the  written  formula  is  1  -|-  0  -[-  0. 

The  terms  1  -j-  0  -|-  0»  etc.,  refer  to  the  position  of  the  points 
in  a  base  with  reference  to  one  another,  counted  horizontally  in 
the  example  g-iven.  Thus,  in  Fig-.  43  the  mark  on  the  first  pick 
is  placed  in  the  first  point  or  small  square,  that  on  the  second 
pick  moved  in  position  0,  /.  e.,  in  the  same  position;  that  on  the 
third  pick  moved  0;  that  on  the  fourth  moved  1,  and  so  on 
throug-hout. 

Fig-.  44.     weave  commencing  on  1st  pick. 

1  -f"  1         2d  pick  moves  1  forward. 
1  -|-  1  —  1         3d  pick  moves  1  in  opposite  direction. 

1         4th  pick  moves  1  forward. 
1  -j-  1         5th  pick  moves  1  forward. 
1  -f-  1  —  1         6th  pick  moves  1   in  opposite    direction,  and    so    on 
until  the  weave  begins  to  repeat.      Similarly  3  -|-  3  —  5  may   be 
commenced  at  any  point  as  shown  at  Fig-.  45 ;  weave  on  9  harnesses 
-\-  3         1st  thread  and  1st  pick. 
—  5         moves  5  in  opposite  direction. 
-\-  3         moves  3  forward. 
Take  Fig-.  45  as  an  example.     The   weave  is  on  9  threads, 
therefore  the  counting  or  moving  must  be  worked  from  1   to  9. 
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Fig-.  41. 


Fig.  42. 


Commencing-  at  the  1st  thread,  a  point 
is  placed  on  the  1st  square,  the  2d  pick 
is  marked — 5  or  5  in  the  opposite  direc- 
tion, or,  9,  8,  7,  6,  5,  hence  the  next  point 
is  on  thread  5.  The  3d  pick  is  marked 
-f  3  or  3  forward,  or  6,  7,  8,  the  third 
point  on  the  8th  thread;  the  4th  pick  is 
marked  +  3  or  3  forward,  then  9,  1,  2, 
fourth  point  on  2d  thread,  5th  pick  is 
marked  —  5  or  5  in  opposite  direction, 
then,  1,  9,  8,  7,  6,  fifth  point  on  6th  thread, 
and  so  on  throug-hout  until  the  weave 
repeats. 

The  next  step  in  the  work  is  to  pro- 
duce as  many  desig-ns  as  possible  upon 
any  g-iven  number  of  threads,  and  in 
doing-  so  proceed  systematically,  as  in 
the  five-harness  examples,  first  with  1 
point,  then  with  2,  and  so  on,  until  a 
complete  series  of  simple  lines,  as  in 
Fig-s.  37  to  42,  has  been  run  throug-h,  and,  according  to  the  num- 
ber of  threads,  open  out  the  space  between  the  lines  of  twill. 
Make  lig-ht  and  heavy  lines,  and  vary  them  until  there  is  no 
further  room  for  variation,  observing-  the  repetitions  of  the 
pattern  in  the  reverse  order,  both  in  the  quantity  of  material 
which  comes  to  the  surface  and  in  the  position  of  the  twill. 

Diag-rams  for  illustrating-  the  construction  of  reclining-  and 
steep  twills  are  shown  in  Fig-.  46. 


Fig.  45. 
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Fig.   46. 


The    15°   reclining-   twill  is  formed  by  moving  4  points,   Fig-.   47 
20° 

27°         „ 
35° 

45°  Regular 
52°  Steep 
63°         „ 
70° 
75° 


,      48 

,      49 

l+2„ 

,      50 

1 

,      51 

1  +  1+0,,     , 

,      52 

i+o„ 

,      53 

1+0+0,,     , 

,      54 

1+0+0+0  , 

,      55 
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^S  ^^  Urffi 


FiR.  47 


Fig.  48. 


Fig.  49. 


■      ■      ■ 

^    B    Bi 


Fig.  50. 


Fig.  51. 


Fig.  52. 


Fig.  53. 


Fig.  54. 


Fig.  55. 


Any  of  the  intermediate  (1011,^66  twills  can  be  formed,  accord- 
in<jf  to  the  requirements  of  desig-n. 
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PLAN  OF  TWILL  MAKING. 

Work  out  weaves  from  the  follow  inji;-: — 

12  2     2  3     3 

(1)  — - — i^move  1         (13)   ^^-— — _inove  1         (25)   ^ — - — -move  1 

(2)  ^     ^''  ^move  1  (14)   ^^-^^3     _^niove  1  (26)   :__ — ^— ^move  1 

(3)  4^45-  (ISl^^^-  (27)^^^4S. 

(4,1^52-  OM^jSr  (28)L_l_sr 

2     ^  "?     4  4     4 

(S)-^-^f,3"  (17)  ^^-^W  (29)   ^-^(.3° 

(6)1_A_^70'  (18)?^  70-  (30,^^70. 

(7)'-/-4  45-  n.»^45-  (31)1^45- 

(8)  ^^2  38=         (20,  1^^  38-  (32)  1^  38- 

4     S  4     S  S     5 

(9)  -—-J  27°  (21)-^— 27°  (33)^^-^27° 

Ill  '791  333 

(10)        ,      ^     ^45°         (22)=— ^—^45°         {ZA)        :  45° 

i      J,      Z  2o.-)  v344 

111  2''''  333 

111  OOO  '^'>0 

(12^    ■ f.3°  (24)   ^— = — ^    f,3°  (3f.)    •-     ^'     ^'       63° 

^      '         12     2  ^^233  ^344 

FANCY   DEQRLB  TWILLS. 

1.  Define  the  term  "rc<^ular  twill." 

2.  How  many  reg"ular  twills  may  be  woven  on  five  harnesses? 

3.  What  is  the  move  number  for  a  45°  twill? 

4.  l^o  what  does  the  written  formula  refer? 

5.  Indicate  two  methods  of  expressing-  one  complete  repeat 
of  the  1  up,  4  down  twill. 

6.  Make  a  desig^n  for  a  70°  twill  on  four  harnesses. 

7.  Make  desig-ns  for  the  following: — Four  harness -j-  1  +  1 
—  1 ;  nine  harness  -|-  3  —  5  +  3 ;  five  harness  +  1  +  14-0- 

8.  Make  a  diag-ram   illustrating  15°,  20°,  27°,  38°,  45°,  52°,  63°, 
70°,  and  75°  twills. 

9.  Give  move  numbers  for  the  degree  twills  g-iven  in  ques- 
tion 8. 
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CUT  WEAVES. 

Combining-  weaves  is  an  important  branch  of  desig^ning-.  Cut 
weaves  which  are  formed  by  a  combination  of  twills,  sateens,  or 
of  both  twills  and  sateens,  are  used  extensively  in  the  production 
of  trousering-s,  suiting-s,  dress  g^oods,  damasks  and  Jacquard 
effects. 

The  cut  is  formed  in  three  different  ways: — first,  a  complete 
break  or  cut-off  should  be  made  when  reversing-  the  position 
of  a  weave  or  at  the  point  where  two  weaves  are  joined,  if 
possible.  The  excessive  floating-  of  threads  may  thus  be  avoided. 
Second,  when  a  sufficient  break  or  cut-off  cannot  be  made  with- 
out causing-  two  much  of  a  float,  another  method  of  weaving- 
for  one,  two,  or  three  threads  should  be  introduced  between 
the  weaves  to  form  the  cut-off.  Third,  avoiding-  the  combi- 
nation of  weaves  of  too  g-reat  a  difference  in  the  textures  to  be 
used  in  the  same  desig-ns,  as  this  will  cause  the  fabric  to  weave 
either  too  loose  or  too  tig-ht  according-  to  the  weaves,  creating- 
dissatisfaction  in  the  weaving-  and  selling-  of  the  fabric  and  g-reatly 
impairing-   its   wearing-   qualities. 

In  explanation,  Fig-ure  56  is  an  example  of  a  cut  weave,  the 
cassimere  twill  being-  combined  with  a  basket  to  g-ive  a  stripe 
effect.  The  desig-n  is  twelve  threads  cassimere  twill,  four 
threads  basket,  twelve  threads  cassimere  (left  twill),  four  threads 
basket,  or  a  total  of  thirty-two  threads.  With  a  solid  filling-, 
the  basket  effect  would  be  preserved  in  both  stripes.  If,  how- 
ever, the  filling-  is  run  two  and  two  of  different  colors,  the 
basket  effect  would  be  broken  in  one  of  the  stripes.  By  re- 
ferring- to  Fig-ure  56,  it  will  be  seen  that  the  first  basket  will 
weave  as  desired,  but  the  second  basket  will  be  broken  and 
appear  as  if  woven  pick  and  pick.  In  this  case  the  combination 
must  be  chang-ed  so  that  the  basket  in  both  parts  of  the  desig-n 
will  weave  alike.  Fig-ure  57  shows  one  method  of  overcoming- 
this  defect,  but  the  result  is  that  the  cut  is  not  perfect  in  the 
first  basket  stripe.  An  overshot  effect  is  g-iven  which  spoils 
the  basket.  To  weave  this  desig-n  on  thirty-two  threads,  chang-e 
the  position  of  the  first  basket  weave  and  the  thread  on  cither 
side  of  the  basket,  g-iving-  the  desig-n  in  Fig-ure  58.  A  desig-n 
for  a  stripe,  six  harness  twill,  and  basket  weave  is  g-iven  in 
Fig-ure  59.  These  fig-ures  show  that  when  desig-ning-  stripes 
from  a  combination  of  twill  and  basket,  an  odd  number  of 
threads  of  twill  should   be  used,   g-enerally  one  in   excess  of  the 
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COMPLETIC    THK    WkAVES   ON    THE   ACCOMPANYING 

Portions. 
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Complete  the  Weaves  on  the  Accompanying 
Portions. 
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Complete  the  Weaves  on  the  Accompanying 
Portions. 
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number  of  threads  in  one  repeat  in  order  that  the  basket  weaves 
should  come  in  the  same  relative  positions.  This  is  not  necessary, 
however,  when  a  solid  filling-  is  used  or  when  the  filling-  produces 
a  hit-or-miss   effect. 

Herring-bone  effects  are  produced  by  using  a  warp  flush  twill 
for  a  desired  number  of  threads,  forming  the  cut  or  break,  and 
using-  the  same  twill,  filling  flush  for  any  desired  number  of 
threads.  The  effects  produced  in  herring-bone  stripes  are  un- 
limited in  number.  Fig-ure  60  shows  a  simple  herringbone 
formed  from  the  cassimere  twill,  twelve  threads  right  twill,  six 
threads  left  twill,  six  threads  rig-ht  twill,  twelve  threads  left 
twill.  A  five  harness  herring-bone  is  g-iven  in  Fig-ure  61;  a  six 
harness  in  Figure  62,  and  an  eight  harness  in  Fig-ure  63.  When 
reversing  regular  twills  repeating  on  an  even  number  of  har- 
nesses, the  break  should  be  made  either  at  the  completion  of, 
or  in  the  middle  of  the  weave.  This  is  shown  in  Figures  61,  62, 
and   63. 

The  combination  of  twills  and  ribs  require  the  use  of  a 
thread  weaving  plain  and  the  reverse  of  the  rib  or  cord.  This 
is  shown  in  Fig-ures  64  and  65.  Frequently  two  threads  of  plain 
are   used   to   make  the  cut  more  prominent. 

Cut  diamond  effects  are  formed  by  a  method  similar  to  her- 
ringbones, the  same  principles  being  used  in  the  extension  of 
the  desig-n  in  the  direction  of  the  filling-  as  those  used  in  the 
direction  of  the  warp.  Fig-ure  66  is  a  desig-n  for  a  herring-bone 
stripe  cassimere  twill,  eight  threads  right  twill,  eight  threads 
left  twill  carried  out  for  eight  picks.  To  produce  a  cut  diamond 
effect,  form  a  cut  with  the  ninth  pick  for  sixteen  threads  and 
reverse  the  twill  as  in  a  herringbone  stripe.  Another  method 
of  forming  the  same  design  is  to  use  the  cassimere  twill  for  one 
quarter  of  the  design.  Figure  67,  form  the  cut  on  the  last  thread 
and  pick.  Figure  68  reverse,  the  twill  and  continue  to  the  extent 
of  the  design,  giving  the  result  in  Figure  69.  The  cuts  are  again 
made  and  the  twill  reversed  for  the  remaining  quarter  of  the 
design.     The  complete  design  is  given  in   Figure  70. 

Checkerboard  or  block  effects  may  be  woven  either  from 
twill  weaves  or  from  a  combination  of  twills  and  broken  weaves 
such  as  crowfoot  or  sateens.  The  effect  desired  is  of  alternate 
squares  of  varying  colors  similar  to  a  checkerboard.  As  a  solid 
warp  and  a  solid  filling  is  generally  used,  the  different  effects 
must  be  produced  by  the  weaves.     Figure  71  illustrates  a  checker- 
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board  effect  woven  from  the  swansdown,  and  crow  twills  and 
crowfoot  warp  and  filling-  flush  weaves.  The  method  of  construct- 
ing" this  design  is  similar  to  a  cut  diamond.  The  crow  twill  is 
used  for  that  part  of  the  desig^n  first  requiring"  a  warp  effect; 
the  cuts  are  formed  and  the  swansdown  and  crowfoot  weaves 
used  for  the  filling"  effect  in  the  cloth.  The  cuts  are  made  and 
the  balance  of  the  desig-n  filled  in  with  the  crowfoot  warp  flush 
weave.  A  design  using  twills  is  g"iven  in  Fig-ure  72,  and  a  fancy 
effect   with    twills   and    broken   weaves   in   Figure   73. 

CUT  WEAVES. 

1.  How  are  cut  weaves  formed? 

2.  Give  the  different  methods  of   forming  a  cut. 

3.  How  may  the  excessive  floating  of  threads  be  avoided? 

4.  Make  a  desig"n  as  follows:  12  threads  cassimere  twill, 
4  threads  basket,  12  threads  cassimere  twill  left  twill,  4  threads 
basket  forming  a  cut  at  the  joining"  of  the  several  weaves. 

5.  If  the  filling"  in  the  design  in  question  4  is  picked  two 
black,  two  red,  would  the  basket  effect  be  preserved  in  both 
basket  stripes? 

6.  If  the  design  in  question  5  is  defective,  how  could  the 
defect  be  remedied? 

7.  What  is  the  general  rule  for  the  number  of  threads 
to  be  used  in  the  several  stripes  of  a  design  for  alternate  stripes 
of  twill  and  basket. 

8.  How  are  herringbone  effects  produced? 

9.  Make  a  design  for  the  herringbone  stripe  using  the  2 
up,   1  down,   1   up,  2  down  six  harness  twill. 

10.  Make  a  design  for  a  stripe  combining  an  eight  harness 
twill  and  rib. 

11.  How  are  cut  diamond  effects  formed? 

12.  Give  the  method  in  full  of  making- a  cut  diamond  from 
the  3  up,  3  down  twill,  illustrating  each  step. 

13.  What  are  checkerboard  effects? 

14.  Make  a   design    for  a    checkerboard    effect    using"  four 
different  weaves. 

15.  Make  a    desig-n  for    a    fancy  effect    from    the    prunella 
and  doeskin  weaves. 
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16.      Make    a    desig-n    for    a    fancy    effect    using-    twills    and 
broken  weaves. 

DESIGN  FROM  A  WRITTEN  FORMULA. 

Suppose  a  desig-n  is  required  similar  to  Fig.  74.  The  first 
question  is:  How  many 
threads  and  picks  are 
necessary  to  form  the  full 
design?  Second:  How 
many  threads  and  picks 
are  necessar}'  for  the  larg^e 
body  square  at  the  lower 
left-hand  corner?  Third: 
How  many  threads  and 
picks  are  necessary  for 
the  small  border  squares? 
Fourth:  What  weave  will 
be  the  most  suitable  for 
the  required  fabric? 

A  design  should  never 
be    made    without    taking- 


^ 


Fi^'.  74. 

into  consideration  the  re- 
-"^  quirements  of  each  opera- 
tion and  the  effect  to  be 
produced.  In  the  main 
body  in  the  square  of  Fig. 
74  the  twill  is  running  at 
an  angle  of  45°,  and  in  the 
small  squares  the  twill  is 
running  to  the  right  and 
left  in  alternate  squares. 
The  first  desig-n  is  on  24 
threads  x  24  picks  in  one 
repeat  of  the  desig-n. 

First.  Mark  off  desig-n 


Fig.  75. 


/      paper     to     the      required 
dimensions,  Fig-.  75 
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Second.  How  many  threads  and  picks  are  necessary  for  the 
larg-e  body  square  A  at  the  left-hand  lower  corner?  In  this  in- 
stance 18  x  18  are  required.       /  \ 


Mark  off  the  design  paper 
to  the  required  number  of 
threads  and  picks  (see 
Fig-.  76). 

Third.  How  many 
threads  and  picks  are 
necessary  for  the  small 
border  squares  B  and  C? 
The  border  is  divided  into 
four  parts  of  6  threads  x  d 
picks  each  way  (see  Fig". 
77). 

Fourth.  On  examina- 
tion of  the  skeleton  design 
of  Fig.  77  it  can  be  divided  Fi^^.  to. 

into  four  sections,  1,  2,  3,  4,  as  shown  in  Fig.  78. 

Fifth. 
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Decide  what 
weaves  will  be  most  suit- 
.ihle  for  the  required 
■abric.  This  design,  Fig. 
74,  shows  a  fine  twill  or 
iliagonal,  therefore  the  3- 
'  arness  twill,   filling  flush 

to   right,    which    we 


9" 


will  class  weave  "Bl,"  and 

;he   3-harncss    twill,    warp 

ilush  " to    left,    which 

ve    will    call    class    weave 
'•B2,"  must  be  used. 


Fig. 
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Fig.  78.  Fi^.  V>. 

To  construct  the  design  from  a  written  formula  or  problem. 
PROBLEM. 


Dress  Goods  Design  (Fig.  79). 
24  threads  anil  24  picks. 


Section  1. 

6 
6 

threads 

X 

18 
6 

24 

P 

cks 

Bl. 
B2. 

See 

fir.st  s( 

Section  2. 

6 

,, 

24 

.. 

Bl. 

,. 

second 

Section  3. 

6 
6 

" 

18 
6 

24 

" 

Bl. 
B2. 

" 

third 

Section  4. 

6 
6 
6 
6 

■' 

6 
6 
6 
6 

" 

B2. 
Bl. 
B2. 
Bl. 

" 

fourth 

78,  79 


24 
DESIGN  FROM  A  WRITTEN  FORMULA. 

1.  Give  an  outline  of  the  process  of  laying);-  out  a  desig-n  from 
a  written  formula. 

2.  How  is  the  skeleton  design  divided? 

3.  What    determines    the    weaves    most    suitable    for    the 
required  fabric? 

4.  Construct  a  design  (24  x  24)  giving  a  check  effect, 

5.  Write  the  formula  for  the  design  in  question  4. 
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DRAFTING  AND  REDUCTION. 
How  to  Obtain  the  Fewest  Number  of  Working  Harnesses. 

This  is  an  important  section  pertaining-  to  desig^ning-,  and 
necessary  for  the  production  of  extended  patterns  on  a  limited 
number  of  harnesses. 

Though  presenting  no  hard  line  of  study  to  those  wishing 
to  understand  the  operation,  it  is  surprising  that  so  much  ig- 
norance exists  in  reference  to  it,  even  by  those  conversant  with 
the  art  of  weaving  in  other  respects.  Briefly  stated,  drafting 
takes  cognizance  of  two  or  more  threads  in  the  design  for  the 
pattern,  which  are  found  to  be  always  working  alike,  that  is, 
always  up  and  always  down  together  throughout  the  weaving 
operation,  and  unites  them  to  one  motion  or  harness,  instead  of 
employing  separate  harnesses  for  each  individual  thread.  By 
this  means  a  great  variety  of  effects  may  be  obtained,  and  large 
patterns  produced  in  looms  having  the  simplest  appliances. 
Especially  is  this  the  case  in  the  weaving  of  stripes,  in  looms 
capable  only  of  allowing-  a  limited  number  of  harnesses,  and 
with  only  one  shuttle.  But  for  the  production  of  checks 
and  stripes  requiring  a  large  number  of  picks  and  threads  be- 
fore the  pattern  repeats,  the  Dobbyhead,  or  an  equivalent 
motion,  is  necessary  to  gain  it.  For  this  reason,  although  a 
design  may  be  drafted  so  as  to  employ  but  few  harnesses,  yet  the 
number  of  picks  cannot  be  reduced,  but  must  be  fully  carried 
out  to  the  extent  of  the  design. 

Having  reduced  the  design  to  the  lowest  number  of  requisite 
harnesses,  the  working  plan  or  chain  is  found  by  taking-  the  con- 
secutive numbers  from  No.  1  to  the  highest  figure  shown  beneath 
the  design  and  placing  them  side  by  side  in  their  order,  accord- 
ing- to  the  requirements  of  the  design,  so  that  they  shall  read 
1,  2,  3,  4,  5,  6,  7,  8,  and  so  on. 

This  will  be  seen  on  reference  to  Fig. 
80,  which  is  given  to  show  the  principle  of 
drafting  and  reduction  in  its  simplest  form, 
which,  however,  is  the  same  applied  to  all 
the  more  elaborate  patterns.  The  num- 
bers beneath  the  design  are  used  for  the 
purpose  of  obtaining  those  threads  that  are 
working  alike,  and  also  to  obtain  the 
nature  and  extent  of  the  draft. 
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Fig.  81  shows  the  drafting-  or  the 
threads  drawn  through  the  harnesses, 
as  taken  from  the  design,  and  the  num- 
bers beneath  correspond  with  those  found 
under  the  design.  The  horizontal  lines 
represent  the  harnesses  and  the  vertical 
lines  represent  the  threads. 

Explanation. —  Take  Fig.  80,  which  represents  a  diamond 
pattern.  The  design  stands  upon  8  threads.  See  numbers  on 
top.  Begin  at  the  bottom,  at  the  left-hand  corner,  and  note  the 
filled  spaces  of  each  thread,  which  means  their  manner  of  work- 
ing from  the  bottom  to  the  top.  When  two  or  more  threads  are 
marked  exactly  alike,  the  same  number  at  the  bottom  represents 
all  of  that  kind.  Thus  the  1st  thread  is  marked  No.  1,  and,  of 
course,  will  require  one  harness  to  work  it;  the  2d  thread  is 
working  different  to  the  1st,  and  will  require  another  harness, 
marked  No.  2;  the  3d,  4th,  and  5th  threads  are  again  different 
to  any  of  the  others,  and  so  will  require  each  different  harnesses, 
and  marked  Nos.  3,  4,  and  5.  The  6th  thread  is  marked  4  be- 
cause it  is  working  like  the  preceding  thread  marked  4,  the  7th 
thread  is  marked  3  because  it  is  like  the  preceding  thread  marked 
3;  and  the  8th  thread  is  marked  2  for  the  same  reason  that  it 
is  working  like  the  thread  marked  2.  The  numbers  under  the 
design  now  read  1,  2,  3,  4,  5,  4,  3,  2;  therefore  the  highest  num- 
ber is  five,  which  means  that  the  design  requires  five  harnesses 
to  weave  it.  Whatever  the  highest  number  may  be  it  represents 
the  number  of  harnesses  required.  In  this  example  five  are 
required,  and  five  parallel  lines  are  drawn  for  the  harnesses 
accordingly,  and  marked  up  the  side  1,  2,  3,  4,  5.  Now  proceed 
to  draw  vertical  lines  to  represent  the  threads  drawn  through 
the  harnesses  indicated  by  the  numbers  under  the  design,  and 
just  in  the  order  in  which  they  stand.  No.  1  is  drawn  upon 
the  first  harness,  No,  2  upon  the  second.  No.  3  upon  the  third. 
No.  4  upon  the  fourth.  No.  5  upon  the  fifth,  No.  U  again  upon 
the  fourth.  No.  7  upon  the  third,  and  No.  8  upon  the  second. 
See  Fig.  81. 
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Having-  finished  the  draft,  the  next  proceeding- 
is  to  obtain  the  working  plan  or  chain,  which  is  a  ^77 
reduction  of  the  design,  so  far  as  the  threads  are 
concerned.     In   this  case  the  consecutive  numbers 
from    I   to  5  are  found  together,  so  that  all  that  is  ^ 
required  is  to  copy  exactly  the  first  iive  threads  of  ZS 


the  design  as  they  stand,  which  is  shown  at  Fig-,   _ 


The  next  examples  are  of  a  more  extended  and 
practical    character,    containing     mixed     weaves.  ^'^''  ^^' 

For  the  ]iurpose  of  g-aining  the  working-  plan  from  them,  use 
the  consecutive  numbers  from  No.  1  to  the  highest.  These 
are  not  found  to  be 
all  together,  as  in  Fig. 
SO. 

Fig.  83  stands 
upon  24  threads  and 
4  picks,  and  consists 
of     three     different  ^^s- ^^■ 

weaves,  each  weave  being 
twice  repeated,  so  that 
the  first  4  numbers 
under  each  different 
weave  must  be  taken  for 
the  working  plan  or 
chain,  which  gives  the 
numbers  consecutively 
as  1,  2,  3,  4,  5,  U,  7,  8,  9, 
10,  11,  12. 

Reference  to  Fig.  83 
Fig.  84.  will  explain  this.    Draw- 

ing--in  draft  at  Fig.  84.  This  design  re- 
quires twelve  harnesses  and  four  picks 
to  weave  it.     See  Fig.  85. 

There    is   another   consideration    in 
reference  to  drafting  which   it  is  neces- 
sary to  understand,  and  that  is,  it  fre-  pi^r.  ss. 
quently  happens  that  the  full  design  is  not  given,  only  the  draft 
and  working  plan,  so  that  the  figure  intended  to  be  produced  by 
them    is    not    always    intelligible.     Many    designers   adopt   this 
method   for   the   purpose  of   economizing-  time,  and  in  practical 
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Fig-.  86. 


work  in  the  mill  this  method  is  to  be  recommended,  not  simply 
for  concealment,  but  it  is  all  that  is  necessary  for  the  use  of  the 
pattern  weaver,  chain  builder,  or  loom  fixer,  to  enable  him  to  put 
the  work  into  operation. 

In  order  to  obtain  the  full  desig-n  from  the  reduced  working- 
plan  and  drawing--in  draft,  which  is  but  the  reverse  method  of 
that  adopted  in  the  previous  examples,  follow  the  draft  and  chain 
in   the   same   manner  as   done   with    the  desig-n  when   making-  a 
reduction.      Likewise   number    the    threads   on 
the    harnesses   consecutively    at   the  top  of   the 
drawing--in    draft,    so    that    the    place    for  each 
particular    thread    in    the  extended   design   will 
be  indicated.      A  simple  illustration  will  explain 
this. 

In  this  figure  six  harnesses  are  required, 
on  which  are  drawn  twelve  threads  to  complete 
the  pattern.  See  Fig-.  86.  The  working-  plan 
accordingly  contains  six  threads.  In 
another  method  sometimes  adopted  the 
working^  chain  of  the  desig-n  is  given,  as 
in  Fig-.  86,  but  the  draft  is  g-iven  in 
fig-ures,  and  not  on  parallel  lines.  As, 
for  instance,  in  the  draft  for  Figf.  87  the 
numbers  read  1,  2,  3,  4,  5,  6,  3,  2.  1,  6,  5, 
4.     All    that    is    required    is    to    draw   as 

Fiff.  87. 

many   horizontal   lines  as   are    represented 

bv  the  hig-hest  number,  which  in  this 
case  is  6,  number  the  lines  consecu- 
tively, nnd  proceed  to  draw  the 
vertical  lines  upon  them,  according- 
to  the  numbering-  ol  the  threads, 
which  would  give  the  draft  as  at 
Fig-.  87. 

Fig.  88.  Pull  and  extended  design  at  Fig-.  88. 

Examples:  — Reduce    Figs.    89,    90,    and    91    to    the    fewest 

possible  number  of  harnesses. 


Fig.  89. 


Fig.  90. 


Fig.  91. 
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BROKEN    DRAFTS. 

Broken  drafts  are  made  from  regular  drafts  by  taking- 
threads  from  the  regular  draft  in  some  irregular  order  and  so 
arranging  them  as  to  form  a  new  draft  which  will  give  a 
weave  of  broken  appearance  when  used  with  the  regular  chain. 
Different  systems  may  be  adopted  in  making  these  broken 
drafts,  and  they  are  often  made  from  regular  twill  or  sateen 
drafts. 

Such  a  draft  may  be  made  from  a  twill  draft  by  taking 
from  the  twill  a  number  of  threads  and  then  omitting  a  num- 
ber, in  this  way  carrying  out  the  draft  to  a  repeat.  These 
drafts  are  used  to  produce  what  are  known  as  broken  or  skip 
twill  weaves. 

Another  system  of  making  broken  drafts  is  by  taking  con- 
secutive groups  of  threads  from  a  sateen  draft  and  rearrang- 
ing them  in  alternate  order,  one  group  is  drawn  in  the  regu- 
lar draft,  the  other  group  with  the  order  of  drawing  reversed. 
Any  number  of  threads  desired  may  be  used  in  a  group,  such 
as  alternate  2's,  alternate  3's,  or  2's  and  3's,  etc.  The  length 
of  the  repeat  is  ascertained  by  obtaining  the  least  common 
multiple  of  the  number  of  harnesses  and  the  number  of  threads 
contained  in  the  sum  of  the  two  groups. 

A  third  method  of  constructing  a  broken  draft  is  by  tak- 
ing any  number  of  harnesses  which  it  is  desired  to  use  and 
selecting  some  uneven  number,  preferably  greater. 

DRAFTING     AND     REDUCTION. 

1.  Why  is  drafting  necessary? 

2.  Define  the  word  "drafting." 

3.  How   does  drafting  affect  the  weaving   of  a  design   re- 
garding the  number  of  harnesses? 

4.  Describe    the  effect   of  drafting    when  weaving   stripes 
with  a  large  or  small  number  of  picks  and   threads. 

5.  Does  drafting  reduce  the  number  of  picks  in  a  design? 

6.  What  is  the  working  plan  or  chain? 

7.  Describe  the  method  of  finding  the  chain  for  a  design? 

8.  When   drafting,  what  do   the  numbers  below  a  design 
denote? 

9.  Illustrate  drafting  by  using  eight  threads  of  the  shal- 
loon twill  giving  chain  and   draft  for  the  complete   design. 
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10.  What   do   the    horizontal    and   vertical  lines   in   a    draft 
represent? 

11.  Make  the  following-  desig-n: 
8  threads.  8  picks  swiinsdowu  twill. 
4  threads,  8  picks  crow   weave. 

12  threads,  8  picks  swansdown  twill, 
8  threads,  8  picks  crow  weave, 
8  threads,  8  picks  swansdown  twill. 
The    design     repeats    on    40    threads    and    8    picks,  a    cut 
being-  formed   by  the  several  weaves. 

12.  Make    chain    and  draft  for  the  design    in  question    11, 
explaining  process  in  detail. 

13.  Describe  the  process  of  making  a  design  from  a  chain 
and  draft. 

14.  The  chain  for  a  design  is  as  follows: 
4  threads,  4  picks  swansdown    twill, 

4  threads,   4  picks  cassimere  twill, 
4  threads,   4  jiicks  crow   weave. 
The    draft    reads:    1.    2,    3,    4,    1,    2,    3,   4,  5,  (.,  7,  8,  5,  6,  7, 
8,  9,  10,  11,   12,  9,   10,   11,   12. 

Make  a  full  design   describing  the   method   fully. 

15.  What  is  the  advantage,  to  designers,  in  using  chains 
and   drafts  in   place  of   full  designs? 

COLOR    EFFECTS. 
Influence   of  Color   on  Weaves,    or  the    Application   of  Color  to    Fabrics. 

Many  of  the  g-reat  variety  of  patterns  produced  in  all  lines 
of  fabrics  are  made  on  the  same  weave,  the  change  in  effect 
being-  obtained  in  the  arrangement  of  colors  in  the  warp  and 
filling.  To  understand  how  this  change  is  made,  it  is  only 
necessary  to  bear  in  mind  that  where  warp  is  raised  that  color 
will  appear  on  the  face  of  the  fabric,  and  where  not,  the  filling- 
color  will  appear.  These  changes  are  called  color  etfects,  the 
simplest  form  in  which  it  can  be  desig-ned  is  the  common 
hair  line,  where  the  ])attern  shows  one  thread  of  a  light  color 
and  one  of  a  dark  color,  running-  lengthwise  of  the  fabric.  It 
is  made  on  the  plain  weave.  By  a  careful  study  of  the  lessons 
and  exercises  the  method  will  be  learned  quickly,  so  that  any 
number  of  effects  can  be  produced. 

These  color  effects  are  made  so  that  an  idea  can  be  ob- 
tained of  how  any  arrang-ement  of  colors,  on  a  certain  weave, 
would  appear  in  the  fabric  after  weaving".  In  making  these  de- 
signs, the  first  thing  is  to  decide  the  weave  to  be  used;  for  ex- 


48 


DESIGN  TEXTS. 


ample,  the  plain  or  cotton  weave,  Fig-.  92.  Next  indicate  the 
weave  on  the  design  paper  by  a  small  dot  or  faint  mark.  Fig-. 
93,  which  will  serve  as  a  guide  to  show  which  thread  must  be 
raised.  Then  indicate  at  the  top  and  right-hand  side  of  the 
design  the  arrang-ement  of  colors,  Fig.  93,  which  we  will  as- 
sume to  be  one  thread  black  and  one  thread  white  in  the  warp, 
and  one  pick  white  and  one  pick  black  in  the  filling.  After 
having  indicated  the  weave  and  the  arrangement  of  colors,  the 
next  operation  is  to  mark  where  the  warp  is  raised  as  indicated 
by  a  small  dot,  the  mark  to  be  of  such  a  color  as  indicated  by 
the  color  on  the  top  of  the  design.  Fig.  94.  When  this  has  been 
done,  mark  every  filling  pick  as  indicated  on  the  squares  by 
being- left  blank,  which  indicates  the  warp  down,  with  such  color 
as  represented  on  rig-ht  side  of  desig-n.  Fig.  95.  This  pattern 
in  color  is  called  "The  Hair-line."  The  simplest  chang-e  from 
this  hair-line  pattern  is  to  produce  the  bar  effect  in  the  width 
of  the  piece.  This  effect  is  made  on  the  same  weave  and  ar- 
rang-ement of  color  in  the  warp,  the  only  chang-e  being  in  the 
filling-,  which  is  one  of  black  and  one  of  white.  The  chief 
characteristic  of  such  hair-lines  and  stripes  is  that  each  color 
must  cover  its  own,  that  is,  if  black  warp  is  down  a  black  fill- 
ing- should  cover  it.  These  color  effects  are  the  most  impor- 
tant in  desig-ns  for  ladies'  and  children's  dress  g-oods,  in  cotton, 
woolen,  and  silk  fabrics.  Constant  practice  in 
making  them  will  be  of  g-reat  assistance  to  the 
student,  and  an  excellent  experience  will  be  ob- 
tained in  reg-ard  to  the  various  effects,  as  by  the 
use  of  several  colors  the  same  effect  will  be  ob- 
tained as  in  the  cloth.  „.     „., 

Plain  Cloth,  No.  1  A. 

Explanation  to  Fig.  93. — The  design  is  8  threads  by  8 
picks,  plain  weave,  or  8  threads  and  8  picks  of  No.  1  A.  The 
small  dots  indicate  which  threads  must  be 
on  the  surface,  the  marks  on  the  top  in- 
dicate the  color  of  such  threads  in  the  warp 
which  must  appear  on  the  surface  of  the 
fabric.  In  this  example  the  warp  is  dressed 
1  black  and  1  white  all  the  way  across. 
The  marks  on  the  rig-ht  side  of  Fig.  93  in- 
dicate the  color  of  the  weft  or  filling  which 
must  appear  on    the   surface  of  the   fabric. 


I 
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Fig.  93. 
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Explanation — Fig-.  94  is  like  Fig-.  93,  with  the  warp  threads 
lifted,  showing-  the  colors  which  are  on  the  surface.  In  Fig-.  93 
the  first  thread  and  pick  A  is  represented  by  Q^  which 
indicates  such  thread  to  be  lifted,  and  in  Fig.  94  the 
same  square  is  filled  in  black,  which  is 
the  color  on  the  surface  of  the  fabric,  the 
2d  thread  and  1st  pick  is  represented  by  ^ 
j  |,  which  indicates  such  thread  to  be  down,  j^ 
and  would   be  covered   by  the  weft,   the  sur-  ^ 
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Fig-.  95. 


face  of  the  cloth  at  this  point  being"  the  f 
color  of  the  weft.  The  2d  pick  B,  1st  thread 
is  represented  as  down  |  |,  this  would  be 
covered  by  the  filling-,  the  2d  thread,  pick  B,  is  represented  by 
P~|,  which  indicates  the  thread  to  be  on  the  surface.  Refer  to 
the  color  mark  over  the  second  thread  in  Fig-s.  93  and  94;  in 
this  case  it  is  white,  therefore,  white  will  be  on  the  surface  of 
the  cloth. 

Explanation  to  Fig.  95 — This  is  like  Fig.  94 
interwoven  with  the  filling  as  shown  at  the  rig-ht 
hand  side.  Detail:  1st  pick  A,  white,  under 
black  and  over  white  alternately. 

2d  pick  B,  black,  over  black  and  under  white 
alternately. 

3d  pick    like  the    first.    4th    pick   like    the  2d, 
and  so  on,  thus  forming-  the  "Hair-line  pattern," 
one  dark  line  and  one  light  line  down  the  cloth. 
In  the  hair-line  design   black  covers   black,  white  covers  white. 

Explanation  to  Fig.  96. — The  particulars 
for  the  warp  and  weave  are  identical  with  Nos. 
93,  94,  and  95,  but  take  particular  notice  how  the 
weft  or  filling-  is  interwoven: 

The  pick  A  is  black  in  the  place  of  white. 
The  pick  B  is  white  in  the  place  of  black,  or, 
black  covers  white  and  white  covers  black,  thus 
making  the  dark  line  across  the  fabric  as  shown 
in  Fig.  96. 

Explanation  to  Fig.  97.  —  This  shows 
the  effect  of  a  plain  weave,  warp  solid  black, 
filling  solid  white. 

Fig.    98   is  an   example   of    the    plain    weave 
on  8  threads  and  8  picks,  arranged  in  the  follow- 
Fi},'.  97.  ing  manner: 


Em 

•  Sr^    • 

•  2«    • 

_•      •!•      • 


Fit'.  %. 
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1st  section 
4  threads 


2d  section 
4  threads 


4  threads  and  4  picks,  No.  1  A, 
4  „  „  4  „  No.  lA, 
4  threads  and  4  picks,  No.  1  A, 

4  ,,  ,,4  „  No  1  A, 
-No.    1    A    is    the 


Commencing 

with 
the  2d  thread. 

Commencing 

with 
the  2d  thread. 


Explanation 
plain  weave  on  2  threads,  1  up, 
1  down.  Fig.  *^8  calls  for  a 
design  of  8  threads  by  8  picks, 
4  threads  and  4  picks,  No  1 
A,  which  will  read  on  the  de- 
sign paper:  1st  section  of  4 
threads — 


n 

• 

f 

• 

f 

6 

f 

• 

• 

9 

F 

• 

# 

• 

• 

E. 

• 

• 

• 

• 

D 
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f 
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• 

C 

• 

f 
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• 

D 

• 
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• 
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* 
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• 

• 
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Fiff.  98. 


1st  pick  A,  4  threads,  1st  up,  2d  down,  3d  up,  4th  down. 
2d  ,,  B,  4  ,,  1st  down,  2d  up,  3d  down,  4th  up. 
3d  ,,  C,  4  ,,  1st  up,  2d  down,  3d  up,  4th  down, 
4th    ,,      D,  4         ,,         1st  down,  2d  up,  3d  down,  4th  up. 

This  is  the  first  part  of  1st  section,  4  threads  and  4  picks. 
See  the  first  4  threads  and  picks  1  to  4  and  A  to  D,  Fig.  98. 

Second  part  of  1st  section  reads,  4  threads  and  4  picks,  No.  1 
A,  commencing  with  the  second  thread,  which  will  read  on  the 
design  paper: 

I' 5th  pick  E,  4  threads,  1st  down,  2d  up,  3d  down,  4th  up. 

Istsection  I  ^^^^     ,,    F,  4        ,,         1st  up,  2d  down,  3d  up,  4th  down. 

I  7th     „    G,4        ,,         1st  down,  2d  up,  3d  down,  4th  up. 

4  threads    ^^^^     ^^    ^^^        ^^        1st  up,  2d  down,  3d  up,  4th  down. 

See  Fig.  98.     Threads  1  to  4,  and  picks  E,  F,  G,  H. 

This  completes  the  1st  section,  4  threads  and  8  picks. 

Now  take  the  2d  section  of  4  threads,  Nos.  5,  6,  7,  8,  in  Fig. 
98. 

First  part  of  2d  section  reads,  4  threads  and  4  picks.  No.  1  A, 
commencing  with  the  2d  thread,  which  will  read  on  the  design 
paper: 

Pick  A,  5th  thread  down,  6th  thread  up,  7th  thread  down,  8th  thread  up. 
,,  B,  5th  ,,  up,  6th  thread  down,  7th  thread  up,  8th  tliread  down. 
,,  C,  5th  ,,  down,  6th  thread  up,  7th  thread  down,  8th  thread  up. 
,,     D,  5th       ,,         up,  6th  thread  down,  7th  thread  up,  8th  thread  down. 
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Second  part  of  section  2  reads,  4  threads  and  4  ])icks,  No.  1  A, 
which  will  read  on  the  desig-n  paper: 

Pick  E,  5th  thread  up,  6th  thread  down,  7th  tliread  up,  Sth  lliread  down. 
,,  F,  Sth  ,,  down,  6th  thread  up,  7th  tlircad  down,  8th  thread  up. 
,,  G,  Sth  ,,  up,  6th  thread  down,  7th  thread  up,  8tli  thread  down. 
.,     H,  Sth       ,,         down,  6th  thread  up,  7lh  thread  down,  81h  threail  up. 

Fig-.  99  is  the  same  weaving  plan  as  given  in  Fig.  98. 
The  warp  is  dressed  1  black  and  1  white. 
The  tilling  is  interwoven  1  white  and  1  black. 
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Fig".  100.     The  desig-n  is  on  8  threads  and  8  picks,  composed 

of  4  threads  and  8  picks.  No.  1  A,  4  threads  and  8  picks,  No.  1  A, 

commencing- with  the  2d  thread. 

The   warp  is  dressed   1   black,   1  white,   1   black,  2  white,   1 

black,  1  white,  1  black=:8  threads. 

The  filling-  is  interwoven  1  white,  1  black,  1  white,  2  black,  1 

white,  1  black,  1  white, =8  picks. 

Fig-,     101.       This    design    is     shown 

on     12    threads    by     12    picks    of    No.    1 

A. 

The    warp    is    dressed     1      black,    2 

white,     2     black,    2     white,     2     black,     2 

white,  1  black=12  threads. 

^rhe    filling    is    interwoven    1    white. 

2  l)lack,  2  white,  2  black,  2  white,  2  black, 

1  white=12  picks. 

On  plain  weave,  16  threads  x  U»  picks. 

1  Black 
1  Black    j-i^^liireacls.  ^  ^^^^ 


Fitr.  lul. 
Example  No.  1, 

IRed      K,^,         , 
16  1  h  reads. 


16  Picks. 


Example  No.  2.     On  plain  weave,  16  threads  x  16  picks. 

IRed      )  IRed 

1  Black   f  n>1lH-eads.  i  Black 


16  Picks 
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Example  No.  3.     On  plain  weave,  20  threads  x  20  picks. 

1  White]  1  Black  ] 

1  Black    L^^^        ,  1  White  !-„.. 

2WhiteM^^^^'^'^^-  iBlack    ^  20  Picks. 

1  Black  J  2  White  J 

Example  No.  4.     On  plain  weave,  12  threads  x  12  picks. 

2WhiteK^^^        ,  2  White  I, ^^., 

1  Black    \  12  Threads.  ^  ^^^,^   \  12  Picks. 

Example  No.  5.     On  plain  weave,  16  threads  x  16  picks. 

2  Black   }  ,,  rr..         ,                     2  Black   I  ,^  ^.  , 
16  Threads.  ^/^ h  16  Picks. 


2 Green  f  ^"  -Liiicau:..  2 Green 

Explanation  to  Examplk  No.  1.— On  plain  weave,  16  threads  x 
16  picks,  means  that  16  threads  or  squares  each  way  on  the 
desig-n  paper  must  be  used,  then  over  the  threads  mark  1  red,  1 
black,  repeating-  these  for  16  threads,  then  mark  on  the  side  of 
the  design  the  filling,  1  black,  1  red,  for  16  picks,  and  proceed  as 
explained  in  Fig-.  90. 

EXERCISES  FOR  PRACTICE. 

All  on  the  Plain  Weave. 


16  Threads. 


-  16  Threads. 


5. 


WAR  p.         , 

1  Red       ) 
IBlack    f 
1  Red 
1  Black 
1  White  1 

1  Black 

2  White 

1  Black 

2  White  ') 

1  Black    (" 

2  Black    I  .,  ^.         . 
2  Green  f  ^^'  Threads 


IBlack   I    ^^.   , 
2  Red      j  1^  Pi'^l^^- 


I 


20  Threads. 


12  Threads. 


1  Red 
1  Black 
1  Black  1 
1  White 

1  Black 

2  White  J 
2  White 

1  Black 

2  Black 


h 


6  Picks. 


20  Picks. 


12  Picks. 


[  16  Picks. 


2  Green  \ 
EXERCISES  FOR  PRACTICE. 

Sketch  on   point  paper  the  effect  produced   by  the  following- 
weaves  and  coloring-s: — 

WEAVE.  WARP.  FILLING. 


(1) 


•' 

» 

• 

• 

• 

• 

• 

4 

Color—     1  )  _^ 
Ground--!  ^ 


as  warp 


(2)  same  as  (1) 


Color—     2  ) 
Ground — 2  f 


as  warp 
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WKAVE. 

(3)  same  as  (1) 

(4)  same  as  (1) 

(5)  same  as  (1) 


WAKP. 

Color—     2  I  _^4 
Ground — 2  ^ 
Color—     4  ^  _g 
Ground — 4 \ 
Color—     2  2  |__8 
Ground — 1  3  \ 


l.-II.T.ING. 
as  Warp 

as  warp 

Color—      1  3  (  ^j 
Ground — 4  .   \ 


(6) 


Color—     4  I  ^^ 
Ground— 4  S 


as  warp 


(7) 


(8)  same  as  (6) 


Color—    1  1  (.  =4 
Ground — 2  .  \ 


Color—     1  1  (  ==4 
Ground — 2  .  \ 


Ground— 2  2  [  ^^ 
Color—     4  .  \ 


as  warp 


Color—     .   1  i  ^2 
Ground — 1  .  \ 


Ground— 3     1  [  ^^^ 
Color—     4     .   f 


r 

• 
• 
• 

«  * 

• 

1 

•  • 
• 

- 

•• 
•• 

- 

• 

• 

•itl 

(10) 


(11)  same  as  (10) 

(12)  same  as  (10) 

(13)  same  as  (10) 

(14)  same  as  (10) 

(15)  same  as  (10) 

(16)  same  as  (10) 

(17)  same  as  (10) 

(18)  same  as  (10) 


Ground —        1  ) 
No.  1  Color— 1  \  =4 
No.  2  Color— 2  ) 


Ground— 1  1  I  ^4 

Color—     2  .  ) 

Ground— 3  |  ^g 

Color—     3  ) 

Ground— 3  {  ^^^ 

Color—     3  \ 

Ground—.  1  |.  =3 

Color—     2  .  ) 
Ground—.  1  I  =3 
Color—     2  .   ) 
Ground — 1  1  3  2  |  ^-^2 
Color—     1  1  3  .  i 
Ground — .  1  3  |  ^^^ 
Color—     11.1 
Ground — 2  1  {  ^5 
Color—     1  2  y 


as  warp 


as  warp 


No.  1  Color- 
No.  2  Ground 


1     3      ) 

— 1    1     s 


16 


Color—     3  I  _^ 
Ground — 3  S 
Ground — 1  {  ^^-7 
Color—     1  \ 
Ground — 1  {  ^^^ 
Color—     1  \ 
Ground — .  3  |  ^^^ 
Color—     2  1  $■ 
Ground — 1  3  3)  ^^2 
Color—     13  11 
Ground—.  1  )  ^3 
Color—     2  .  S 

as  warp 


No.  2  Ground — All 


4  times    twice 
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WEAVE. 

(20)  same  as  (19 ) 

(21)  same  as  (19) 

(22)  same  as  (19) 


(23 


(24)  same  as  (23) 

(25)  same  as  (23) 

(26)  plain 

(27)  same  as  (26) 

(28)  same  as  (26) 

(29)  same  as  (26) 


WARP. 

No.  1  Color—  1112  2 
No.  2      ,,  11122 

No.  3  Ground— 2  2  222 
No.  1  Color—  1112  2 
No.  2      ,,  1112  2 

No.  3  Ground— 2  2  2  2  2 
No  1  Color—  2  2  (  _„ 
No.  2  Ground— 1  3  f      ° 

No.  1  Color—  12.  .  2  , 
No.  2      ,,  1.11. 

No.  3  Ground— 1  1  2  2  1  ' 

4  times 

No.  1  Color—     1     3      ) 
No.  2  Ground— 1     3      \ 


FILLING. 


=24  No.  3  Ground— All 


=24 


No.  2  Color- 
No.  3  Groun 


d— 2  .  i      ^ 


No.  1  Color—     .  4  (  _, 
No.  2  Ground— 1  3  <j      ^ 


=24 


No   1  Color- 


1| 


No.  3  Ground  — 2  \ 


=36 


No.  1  Color—     2  I 
No.  2  Ground— 1  j' 


=3 


=3 


6  times  4  times 


No.  1  Color—     .113^_.,     No.lColor—    .131  /  _^ 
No.  2  Ground- 1  1  3  2  >      ^'^     No.  2Ground-133.  i      ^^ 


Ground—     11     1  1  1  ( 
No.  1  Color  3  .      1  1  .   !i' 

4  times    4  times 

Ground—  1       1  1  *  _ 

No.  1  Color—     1       1  .   ( 

4  times  4  times 

Ground—  1  1  1  /  _r 

No.  1  Color—  11.1" 
Ground—        11     1  1  1  | 


=40 


»20 


No.  1  Color— 2  .      1  2  .   f 


=24 


3  times  twice 
Sketch  on  point  paper  the  effects  produced   by  weaves  30  and 

31  warped  and  picked  1  color 

1  g- round 

~2 


Jf  ' 

»  " 

IT 

•     4 

^i 

»     • 

> 

1     • 

» 

»    • 

» 

» • 

"  \ 

»  • 

• 

» 

•     • 

1* 

I 

i 

»• 

• 

f 

» 

•     • 

i» 

•     • 

» 

•     • 

• 

•     • 

^ 

» 

»     • 

* 

4     4     •!:••     ••     •     •     •  ^•^^_^• 

•    ftii*    ••••••       ••• 

•    •    W  '^-  •  •    •    •    ••    ••    •    • 

••••••••••      ••• 

•        £••••••••••• 

•        •••••••••••• 
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COLOR  EFFECTS. 

1.  Define  the  term  "color  effect." 

2.  Describe  the  "common  hair  line"  g^ivin^  the  weave 
required,  the  scheme  of  warp,  and  system  of  filling-, 

3.  Make  a  desig-n  for  a  common  hair  line  (8  x  8),  red  and 
black  to  be  complete  in  detail. 

4.  How  are  the  risers  in  a  desig^n  for  a  color  effect  filled 
in,  or  colored? 

5.  What  g-overns  the  coloring"  of  the  risers  in  a  color  effect? 

6.  How  are  the  sinkers,  or  blank  spaces  in  a  color  effect 
colored,  and  upon  what  does  the  difference  in  color  of  the  sep- 
arate squares  depend? 

7.  How  may  the  line  effect  be  changed  to  a  bar  without 
altering-  the  weave? 

8.  What  is  the  chief  characteristic  of  hair  line  stripes? 

9.  In  what  classes  of  fabrics  are  color  effects  used? 

10.  Given,  the  plain  weave  (8  x  8).  Scheme  of  warp  and 
filling-  is  one  red,  one  black.     Make  a  color  effect  for  this  design. 

11.  Given,  the  plain  weave  (8  x  8).  Scheme  of  warp  one 
red,  one  black,  filling,  one  black,  one  red.  Make  a  color  effect 
for  this  design. 

12.  Describe  fully  the  difference  existing  between  the  color 
effects  produced  in   questions  10  and   11. 

13.  What  benefit  is  derived  from  making-  color  effects  on 
design  paper? 

PLAIN  AND  IRREGULAR  RIB  WEAVES. 

After  the  plain  and  twill  weaves  have  been  studied,  the  next 
class  of  weaves  is  the  derivative  weaves,  or  those  which  are 
designed   by  using-  one  of  the   foregoing  weaves  as  a  basis. 

The  simplest  class  of  these  is  the  rib.  This  is  formed 
from  the  plain  or  cotton  weave  as  a  foundation. 

Fig.  No,  102  is  an  enlarg-ed  diagram  of  a  fabric  woven  on 
the  simplest  rib  weave  which  can  be  constructed.  It  is  made 
by  raising-  one  warp  thread  for  two  consecutive  picks,  and  lower- 
ing the  same  warp  thread  under  the  next  two  picks,  the  second 
thread  being  exactly  the  reverse  of  the  first. 
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By    a    careful    study    of 
^     Fig.  102  and  Fig.  103  a  clear 
idea  of  the  designing*  of  these 
weaves     will      be     obtained. 
The     warp     thread     No.     1 
is  raised  when  the  pick  A  is         Fig.  iu3. 
inserted   and    the   same   position   of    warp 
threads    is    obtained    in   the   case    of    the 
second  pick  B, 

When  C  and  D  are  woven  the  warp  thread  No.  1  passes 
under  them,  the  warp  thread  No.  2  passes  under  A  and  B  and 
over  C  and  D,  which  is  the  reverse  of  the  intersections  on  thread 
Number  1. 

It  will  be  seen  that  this  weave  is  nothing  more  than  the 
plain  weave  with  an  additional  pick  in  the  direction  of  the  fill- 
ing. This  causes  the  warp  to  cover  the  filling,  and  this  effect 
is  called  a  rib,  made  by  the  warp.  These  weaves  are  called 
warp-rib  weaves,  because  the  rib  line  runs  across  the  piece  or 
width  of  the  fabric.  The  threads  three  and  four  are  the  dupli- 
cates of  one  and  two.  This  weave  repeats  on  two  harnesses 
and  four  picks.  Diagram  102  is  the  design  for  the  enlarged 
section  of  the  fabric. 

Warp-rib  weaves  do  not  have  the  ex- 
tended use  of  the  filling-rib  weaves. 
These  are  also  an  enlargement  of  the 
basis  plain  weave,  but  instead  of  being  in 
the  direction  of  the  filling,  the  rib  is  in  the 
direction  of  the  warp.  Fig.  104  and  Fig. 
105  illustrate  the  simplest  filling-rib 
weaves  which  can  be  constructed.  Fig. 
104  is  the  enlarged  section  of  the  fabric, 

and  Fig.  105  is  the  design  for  Fig.  104. 

The  pick  A  is  over  the  two  threads  1  and  2  and 
under  the  two  threads  3  and  4;  the  second  pick  B  is 
the  reverse  of  A,  and  the  third  and  fourth  picks  C 
and  D  are  the  duplicates  of  A  and  B.  The  weave 
Fi},'.  105.  repeats  on  four  warp  threads  and  two  picks.  In  the 
fabrics  woven  on  this  principle  the  face  rib  is  formed  by  the 
filling,  covering  the  warp  almost  entirely.  On  account  of  this 
characteristic  these  weaves  are  used  largely  in  the  manufacture 
of  woolen  and  cotton  union  fabrics,  that  is  a  cotton  warp  with 


Fig-.  104. 
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■1 
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Fig.  106. 


woolen  fillini^-;  but  on  account  of  the  slippery  character  of  the 
cotton  warp  and  the  filling-  crossing-  each  bunch  or  set  of  threads 
in  the  same  manner,  it  is  found  that  in  the 
fabric  the  filling  will  slip  or  pull  on  the 
warp  and  form  open  spaces.  This  defect 
can  be  somewhat  remedied  by  using-  such 
a  weave  as  is  shown  in  Fig.  106.  In  this 
weave  it  will  be  noticed  a  warp  thread  is 
lowered  on  ever}^  rib  or  cord.  This  addi- 
tional intersection  holds  the  filling-  and  keeps  it  from  slipping-  on 
the  warp. 

The  fancy  and  irregular  rib  weaves  are  made  from  the  plain 
rib  weaves.  These  consist  of  the 
combination  of  two  or  more  rib 
weaves  of  various  widths  in  one 
dcsig-n.  Fig.  107  shows  the  design 
for  a  weave  of  this  class,  which  re- 
peats on  three  threads  and  two 
picks.  Fig.  108  is  the  same  idea 
designed  for  warp  rib. 

The  student  is  advised  to  make  the  following  weaves  and 
enter  them   in  a  book: 

Warp=Rib.  Make  out  designs  for  warp-rib  weaves  to  repeat 
on  two  harnesses  and  six  picks,  for  two  harnesses  and  eight 
picks,  also  for  two  harnesses  and  ten  picks. 

Filling'Rib.  Make  designs  for  fi]ling--rib  weaves  to  repeat 
on  six  threads  and  two  picks;  also  eig-ht  threads  and  two  picks; 
also  ten  threads  and  two  picks. 

Irregular  and  Fancy  Rib.  Make  out  desig-ns  for  irregular 
rib  weaves  of  this  character,  consisting-  of  the  combining-  of 
those  weaves  where  the  filling  crosses  two  threads  and  three 
threads,  three  threads  and  one  thread,  four  threads  and  two 
threads,  and  four  threads  and  one  thread. 

Also  make  out  designs  where  the  warp  thread  crosses  the 
same  number  of  picks  as  the  warp  threads  in  the  above  examples. 
Also  a  diag-ram  of  each  weave  and  a  cut  section  of  the  first 
and  second  picks  of  each  desig-n. 


Fitr.  1U7 


Fig-.  108. 


PLAIN  AND  IRREGULAR  RIB  WEAVES. 


1.  What  are  derivative  weaves? 

2.  From  what  class  of  weaves  are  ribs  derived? 
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3.  Make   a    desig-n  of    the    simplest    rib  weave    explaining- 
the  interlacing-  of  the  first  two  threads. 

4.  Compare  this  weave  with  the  plain  weave.     Explain  the 
differences  existing-  between  the  two  weaves. 

5.  What  is  a  warp  rib,? 

6.  In  which    direction    does  the    rib    line   run  in  a    fabric 
woven  from  a  warp  rib  weave? 

7.  Make  a  diag-ram  for  the   design  in  question  3. 

8.  What  are  filling-  rib  weaves? 

9.  Which  are  used   more  extensively,  warp  or  filling  ribs? 

10.  What  is  the  effect  produced  in  a  fabric  woven  from  a 
filling-  rib  weave? 

11.  Make  a  desig-n  for  the  simplest  filling  rib  weave. 

12.  Make  a  diag-ram  for  the  desig-n  in  question  11  and 
compare  with  the  diag-ram  in  question  7.  Explain  the  differ- 
ences existing-  between  the  two  diagrams  in  reg-ard  to  inter- 
lacing- of  warp  and  interweaving  of  filling. 

13.  What  class  of  goods  are  woven  from  filling  rib  weaves? 

14.  What  defect  is  often  found  when  these  weaves  are  used 
for  a  fabric  woven  from  a  cotton  warp  and   woolen  filling? 

15.  How  may  this  defect  be  overcome? 

16.  What  are  fancy  and  irregular  rib  weaves?  Illustrate 
with  a  design. 

FIGURED  RIB  WEAVES. 

The  figfurcd  weaves  of  this  class  are  produced  by  combining- 
the  effects  of  the  warp  and  filling  rib  weaves.  In  the  filling-  effect 
weaves  the  rib  lines  run  in  the  direction  of  the  warp,  and  in  the 
warp   effects   in   the   direction   of   the   filling.     The  first  step  in 

making  fig-ured  rib  weaves  is  to  break 
the  rib  line  or  to  change  it  after  a 
certain  number  of  warp  ends.  The 
method  of  designing-  these  weaves  is 
shown  in  Fig.  10'>,  where  the  rib  line  on 
the  lirst  six  warp  ends  is  the  same,  then 
by  raising  the  intersection  one  pick  the 
rib  line  is  broken  from  a  straight  line 
across  the  fabric.  This  break  also 
covers    six    ends,    so    that     the    weave 


Fig.  109. 
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repeats  on  four  picks  and  twelve  warp  ends 
This  weave    can    be    varied  considerably   by 
using-  a  different  number  of  warp  ends  in  the 
change  of  the  rib  line,  such  as  using-  twelve, 
ends  for  the  first   direction  of   rib  line,  and] 
then  a  smaller  number  for  the  second  dircc-| 
tion. 

Fig.  110  is  the  combination  of  the  four  up] 
and  two  down  rib  weave,  using-  six  ends  for 
each  change  of  the  rib  line;  this  makes  a 
broad  and  a  narrow  rib  line,  and  is  a  very 
good  fancy  effect.  It  repeats  on  twelve  ends  and  six  picks.  By 
using  various  rib  weaves  and  chang-ing  the  arrang-ement  of  the 
number  of  threads  used  for  the  several  widths,  a  g-reat  variety 
can  be  produced. 


FiL"^.  110. 


FILLING  EFFECT  FANCY  RIB  WEAVES. 


These  weaves  are  designed  on  the  same 
principle  as  the  warp  effect  rib  weaves, 
except  that  the  rib  line  runs  in  the  direction 
of  the  warp  instead  of  the  filling.  Fig.  Ill 
shows  the  narrow  and  wide  rib  weaves 
combined — the  rib  line  running  for  six  picks 
then  chang-ing-  on  the  next  six.  This  will 
produce  a  wide  and  narrow  rib  effect  alter- 
nating-. 

The  filling  effects,  as  in  the  warp  effects, 
can  be  varied  by  using  various  widths  of  rib 
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Fifr.  111. 

weaves  and   different  numbers  of  picks  for 
the  various  widths. 

The  next  class  of  fig-urcd  rib  weaves  is 
to  combine  the  warp  and  filling-  effects  in 
one  weave.  This  is  usually  done  in  the 
shape  of  block  effects,  using  the  warp  or 
filling-  effect  for  the  ground  and  the  opposite 
of  what  is  used  for  the  g-round  work  of  the 
pattern  for  the  figure.  Fig-.  112  is  the  com- 
bination of  the  two  up  and  two  down,  using- 
the  filling  effect  for  six   ends  and   six  picks, 
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and  the  warp  effect  for  six  ends  and  six  _ 
picks;  this  repeats  on  twelve  ends  and  O 
twelve  picks.  Q 

In  Fig".  113  is  an  idea  for  a  weave  of  this  ~ 
character,  each  square  representing  eight  Q 
ends  and  eight  picks.  Where  W  is  marked  ^ 
use  warp  face,  and  in  those  marked  F  tilling 
face  rib  weave.  Make  out  this  weave,  which 
will  require  thirty-two  ends  and  thirty-two 
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picks;  also  make  two  other  desig^ns  of  this  same  class.  Make 
designs  for  three  of  the  fig"ured  warp  effect  rib  and  three  of  the 
figured  filling"  effect,  marking-  number  of  ends  used  for  each 
weave. 

FIGURED  RIB  WEAVES. 

1.  What  weaves  are   used  as    foundations  for   figured  rib 
weaves? 

2.  In  what  direction  do  the  rib  lines  run  in  filling   effect 
rib  weaves? 

In  warp  effect  rib  weaves? 

3.  What  is  the  first  step  in   making   figured    rib  weaves? 
Explain  fully  how  this  is  accomplished. 

4.  How  may  figured  rib  weaves  be  varied  in  effect  when 
the  same  foundation  weaves  are  used? 

5.  How  is  a  fancy  effect   giving  a  broad  and    narrow  rib 
line  designed? 

6.  Name  two    methods  of    producing    figured  rib  weaves. 

FILLING  EFFECT  FANCY  RIB  WEAVES. 

7.  How  are  filling  effect  rib  weaves  designed? 

8.  Make  a  design  for  a  fancy  filling  rib  effect  combining 
narrow  and  broad  lines  alternately. 

9.  How    may  the    effects  of    filling  rib  weaves  be    varied? 

10.  How  are  block  effects  produced  from  rib  weaves? 

11,  Describe  fully  each  step  used  in  the  designing  of  block 
effects,  illustrating  same  on  design  paper. 

OBLIQUE  RIB  WEAVES. 

Oblique   rib   weaves  are  a   combination  of   warp  and  filling 
effect  rib  weaves,  and  are  principally  used  in  the  manufacture  of 
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Fig.  114. 

number  each  triang-le  in  rotation  1,2,  3,  4,  5, 
6,  7,  8.  Mark  in  each  uneven  numbered 
square  the  warp  effect  rib  weave  (see  Fig". 
115)  and  in  each  even  numbered  square  the 
filling-  effect  rib  weave,  which  produces  the  ^ 
completed  oblique  rib  weave.  Fig".  IK). 

This  procedure  can  be  reversed,  that  is, 
the  filling-  effect  rib  can  be  desig-ned  in  the 
uneven    numbered   triang-les    and    the    warp 


what  are  called  bird's  eye 
effects.  They  produce  a 
square  pattern  in  the  cloth, 
which  fact  will  be  readily  ob- 
served from  a  careful  study  of 
the  weaves. 

To  desig-n  these  weaves, 
first  mark  off  on  the  squared 
paper  the  repeat  of  the  weave  ; 
that  is,  if  it  is  required  to  be 
woven  as  eight  harness,  mark 
a  square  containing-  eight  ends 
and  eight  picks;  subdivide 
this  square  into  eig-ht  parts, 
as    shown    in    Fig-.    114,    and 


Fig-.  116. 

effect  rib  in  first  triang-le,  also  make 
6,  8,  10,  12,  14,  16  harness  weaves, 
using  filling-  effect  rib  in  first  triang-le. 
These  weaves  are  also  combined 
with  plain  rib  weaves  for  producing- 
checks,  usually  using-  the  oblique  rib 
weave  as  the  g-roundwork  of  the  check 
and  the  plain  rib  weave  as  the  over- 
plaid  or  check.  A  weave  of  this  class 
is  shown  in  Fig-.  118,  where  the 
g-roundwork   of    check    is    the   eig-ht- 


F\g.  115. 

effect  rib  in  the  even  numbered  triangles, 
which  will  produce  the  finished  weave.  Fig-. 
117. 

All  weaves  of  this  class  are  desig-ned 
either  commencing-  rib  effects  alternating- 
with  filling-  or  the  reverse. 

Make  dcsig-ns  for  6,  8,  10,  12,  14,  !(> 
harness  weaves  of  this  class,   using-  w;ir]) 


Fig    11- 
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harness  oblique  rib  weave,  desig^ned 
by  commencing-  with  the  filling- 
effect  rib  in  first  triang-le  and  the 
four-harness  rib  filling-  effect  for 
the  warp  over-checking,  and  warp 
effect  for  filling  over-checking. 

These  combination  weaves  are 

simple,   the    only    difficulty    being 

experienced    where   the    warp   and 

filling  effects  of  over-checking  join, 

and    at    this    point    care   should    be 

taken    that    the     weaves    come    to 

g-ether,      preserving-     as     ntar     as 

Fig.  118.  possible  the  effect  of  both. 

Desig-n   two   weaves   of    this    class,    combining-   the   ten   and 

twelve-harness   oblique    weave   with    warp   and    filling    effect   rib 

weave. 

These   weaves   are   principally    used   in    the  manufacture  of 
piece-d}  ed  worsteds. 

OBLIQUE  RIB  WEAVES. 

1.  What    weaves    are    combined    to    produce    oblique    rib 
weaves? 

2.  What    are    oblique    rib  weaves    chiefly  used    for  in  the 
manufacture  of  textiles? 

3.  What  is  the  effect  produced  in  a  fabric   by  oblique  rib 
weaves? 

4.  Give  a  brief  description  of  the   method   used  for  design- 
ing- oblique   rib   weaves. 

5.  IIow  may  the  effect  obtained   in  question  4   be  changed 
so  as  to  produce  the   reverse   rib  effect? 

().     IIow  are  all   weaves  of  this  class  designed? 

7.  How  are  check  effects  produced  by  obli(jue   rib  weaves? 

8.  What    difficulty    is    (.'xpericncc-d   wlu-n    disigning   check 
effects  from   this  class  of  weaves? 

9.  IIow  may  this  defect  be  overcome? 

BASKET  WEAVES. 

The  common  weaves  of  this  class  are  simply  an  enlargement 
of  thL'  plain  or  cotton  weaves,  in  that  the  intersections  are  one  end 
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11])  and  one  end  down  and  one  pick  up  and  one  pick 
down.  'i\)  enlarg-e  on  this  requires  that  the  number 
of  ends  and  picks  on  the  same  intersection  must  he 
made  <4-rcater.  The  pkiin  weave  consists  of  one  end 
and  one  pick  each  way,  and  to  enkirg^e  on  this 
Fig.  u'K        arrangement  the  number  of  ends  and  picks  must  be 

increased.     It   is   obvious   that   the  ^_^^^     ^^^^^ 

next  chang-e  would  be  two  ends  and  (III 

two   picks   each    way.      This    pro- 
duces  the   simi)lest    basket   weave 

which    can    be  constructed,   shown 

in  Fig-.  119,  of  which   Fig.  120  is  an 

enlarged  section  of  a  fabric  woven 

on  this  weave.     This  basket  is  the 

"two  and  two." 

Make    designs   for   example   1, 

3    and    3;    example    2,    4    and     4; 

example  3,  5  and  5. 

FANCY  BASKET  WEAVES. 


Fif,'.  120. 


'  F 
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From  the  plain  or  common  basket  weaves  the  fancy  baskets 
are  constructed.  These  are  solely  the  combination  of  two  or 
more  weaves  of  the  common  basket,  or  a  basket  and  the  i)lain 
combined. 

Fig.  121  is  an  illustration  of  these  weaves, 
combining  the  plain  and  the  two  basket,  to  form  a 
weave  which  repeats  on  three  ends  and  three 
picks.  Fig.  120  shows  the  combination  of  a  more 
complicated  weave  of  this  class,  being  the  one, 
two  and  three  combined,  and  consisting  of  three 
Fife"-.  121.  changes.  It  repeatson  twelve  ends  and  twelve  picks. 

In  designing  these  weaves  commence  at  the  left-hand  corner 
and  run  the  weave  across  the  square  paper  to  the  upper  right- 
hand  square.  Two  repeats  of  the 
original  weaves  are  necessary  before 
a  complete  repeat  of  the  weave  is 
secured.  After  designing  these  on 
the  paper  fill  in  the  rest  of  the  weave, 
always  counting  the  changes,  the 
same  both  warp  and  filling  way. 

Combine  the  following  in  fancy 
basket  weaves:  —  Example  4,  2 — 4; 
example  5,  1 — 4 — 2;  example  6,  2 — 3 —  Fifr.  122. 

1—2—1 ;  example  7,  1—1-    2—2—3;  example  8,  2—3—4. 
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BASKET  WEAVES. 

From  what  weaves  are  common  basket  weaves  derived? 
Make   a    dcsig-n   and    diag-ram    of    the   simplest   basket 

What  is  this  weave  called? 

FANCY  BASKET  WEAVES. 


1. 

2. 

weave. 

3. 


Fig.  123 


4.  Plow  are  fancy   basket  weaves  constructed? 

5.  Combine   the    plain  weave   and    "two   and  two"    basket. 

6.  Give  the    method    of   desig'ning-   fancy  basket  weaves. 

7.  How  do  fancy  basket  weaves  desig'ned  from  an  even 
number  of  chang-es  differ  from  those  designed  from  an  odd 
number  of  chang-es?     Describe  fully. 

SATEEN  WEAVES. 

Satin.    Real    satin    is   a    silk    fabric    in    which     the    warp    is 
iSlA'T';£|£  ■7V^     allowed  to  float  over  the  filling 
in   a    manner   covering*   it    en- 
tirely and  presenting  a  smooth 
lustrous  face,  Fig-.  123. 

Satinet  is  a  mixture,  or 
union  cloth,  in  which  the  face 
shows  only  a  woolen  filling',  the 
cotton  warp  being- covered  by  the  filling-.  It  is  a  cheap  imitation 
of  satin.  See  Fig.  124.  In  some  districts  this  is  known  as 
"Kentucky  Jean." 

These  weaves  produce  what  there  name  implies,  a  satin 
effect.  They  are  very  extensivelv  used  in  cotton,  linen  and  silk 
g-oods,  also  in  woolen  and  worsted  fabrics.  In  the  manufacture 
of  damask  and  linen  table  covers  they  form  nine-tenths  of  the 
product.  In  cotton  g-oods  they  are  used  for  making  stripes,  and 
in  woolen  g-oods  they  form  what  are  called  Venetians,  doeskins, 
beavers  and  kersey  weaves.  They  are  constructed  usually  from 
a  twill  weave,  and  this  principle  of  interweaving-  is  sometimes 
employed  where  the  object  is  partly  ornamental,  as  in  satins 
used  larg-ely  for  trimming-sand  for  ladies'  dress  g-oods.  In  such 
cases  the  first  object  is  to  produce  a  highly  lustrous  surface, 
perfectly  smooth  and  showing-  no  pattern. 

If  one  class  is  taken  as  typical,  in  order  to  point  out  the 
peculiar  arrang-ement  and  its  effects  upon  the  fabric,  it  may 
serve  as  a  guide  when  dealing  with  patterns  for  ornamentation. 
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These  weaves  are  of  two  distinct  classes,  those  in  which  the 
warp  predominates  on  the  face  being-  called  the  warp  Hush 
sateen,  and  those  in  which  the  filling  predominates  on  the  face 
being  called  the  filling  flush  sateen. 

The  peculiarity  of  these  weaves  is  that  the  order  of  inter- 
weaving the  two  sets  of  threads  does  not  follow  consecutively, 
but  at  definite  intervals,  special  care  being  taken  that  at  no 
point  do  they  follow  consecutively. 

An  example  of   the  simplest  kind,  and  one  most  commonly 

employed,  is  derived  from 
the  five-harness  common 
twill  (Fig.  125),  where 
the  filling  predominates 
on  the  face,  running  to 
the  right  at  an  angle  of 
'  '^  45  degs.,  and  consecu- 
Fig.  126.  tively  1,  2,  3,  4,  5,  chang- 

ing this  weave  over  to  a  sateen  weave  (Fig.  126),  it  will  be 
observed  that  the  order  of  interweaving  is  at  set  intervals. 

To  obtain  the  combination  for  the  designing  of  a  sateen: 
Take  the  number  of  harnesses  of  the  original  twill-weave  on 
which  it  can  be  woven,  and  divide  that  number  into  two  parts, 
which  must  be  neither  equal  nor  one  the  multiple  of  the  other,  nor 
must  they  be  divisible  by  a  third  number.  In  constructing  the 
weave  (Fig.  126)  in  accordance  with  the  rule,  five,  the  number  of 
harnesses  on  which  the  twill  (Fig.  125)  is  woven,  is  divided  into 
two  parts,  which  are  two  and  three. 

To  construct  the  weave  to  form  the  sateen  from  these  two 
figures,  the  method  is  to  use  either  two  or  three  as  the  number 
to  count  off  with.  If  three  is  used,  it  will  be  found  that  the  picks 
of  the  twill  would  be  used  in  the  following  order:  A,  D,  B,  E,  C, 
which  produces  the  sateen  weave  shown  at  Fig.  j5| 
126.  This  is  the  filling  flush  sateen  and  the 
reverse  or  warp  flush  weave  as  shown  in 
Fig.  127.  This  is  constructed  after  the 
same  manner  as  the  filling  flush  weave,  except 
the  one  down  and  four  up  warp  flush  weave  is 

used.  FifT.  127. 

From  a  six-harness  twill  no  regular  sateen  can  be  made,  the 
number  of  harnesses  not  being  divisible  according  to  the  rule.  An 
irregular  weave  can  be  produced,  but  it  is  not  desirable,  as  there 
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will  be  two  threads  or  two  picks  running 
consecutively  in  some  parts  of  the  weave. 
The  best  combination  is  made  by  using 
the  threads  of  the  twill  in  the  following 
order,  1,  3,  5,  2,  6,  4.  See  figures  128 
and    129.      Seven   harness   sateen   can  be 


Fig.  129. 


"■  ...,"•.,•    HI:     ,.ii,„.  "i    ill  ■!    . 


Fiff.  128 

obtained  according  to  rule.     See  Fig.  130  and  Diagram  131. 

As   a  further   demonstration,  take  the  eight   harness  filling 
flush  twill,  one  up  and  seven  down.     Fig.  132. 

According  to  rule,  divide  the  twill  into  two  parts  of  unequal 

numbers,  three  and    j^gg^ 

five.    Four  and  four 

would   be  equal,  six 

and    two   would   be 

divisible  by  a  third 

H I    number.      To   have 

Fit.  130.  a^  thorough    knowl- 

edge and  understanding,  take  the 
twill  and  study  every  pick;  take 
three  as  the    number  to  count  off 

with.  «    _    ^ 

The  first  pick  of  the  sateen  will  Diagram  ni. 

be  the  first  pick  of  the  twill;  the  second  pick  is  found  by  adding 
three  to  the  first  pick,  which  makes  it  the  fourth  pick  of  the 
regular  twill;  then  adding  three  to  four,  makes  it  the  seventh 
pick  of  the  twill;  to  this  seven  three  is  added,  which  shows  that 
the  fourth  pick  of  the  sateen  is  the  tenth  of  the  twill,  but  as  the 

twill  repeats  on 
eight  picks,  the 
second  corre- 
sponds to  the 
tenth  and  is  the 
fourth  of  the 
sateen;  to  the 
second  pick  three 
ill  I  1  i  is  added,  which 
Fig.  132.  Fig.  133  makes  the  fifth  of 

the  twill  and  also  the  fifth  of  the  sateen ;  to  the  fifth  three  is  added, 
which  makes  the  eighth  of  the  twill  the  sixth  of  the  sateen;  to  the 
eighth  three  is  added,  which  makes  eleven,  the  third  pick  is 
equivalent  to  the  eleventh  and  seventh  of  the  sateen;  to  the  third 
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three  is  added  and  so  the  sixth  of  the  twill  is  the  eig-hth  of  the 
sateen;  if  three  is  again  added,  the  first  pick  of  the  twill  will  be 
the  next  one  to  be  used,  which  will  show  that  the  repeat  of  the 
weave  has  been  obtained.  The  eig-ht-harness  sateen  is  formed 
by  using-  the  picks  of  the  twill  in  the  following  order:  1,  4,  7,  2,  5, 
8,  3,  and  6.     See  Fig.  133. 

In  laying-  out  a  cloth  of  this  description,  the  number  of  threads 
either  in  warp  or  filling  is  of  the  g-reatest  importance.  The  warp 
threads  in  a  warp-flush  weave  should  be  placed  as  close  tog-ether 
as  their  diameters  will  permit.  As  the  filling  is  inserted,  one 
thread  will  be  withdrawn  from  the  surface  of  the  fabric  and  will 
bend  round  the  filling-  at  the  back.  As  the  next  pick  is  inserted 
a  different  thread  will  be  withdrawn,  the  first  one  returning  to 
its  orig-inal  position.  As  the  threads  are  not  withdrawn  in  reg-u- 
lar  or  consecutive  order  the  filling-  does  not  bend  round  the  warp 
in  a  great  deg-ree,  but  remains  straig-ht,  the  warp  only  being- 
drawn  out  of  its  course.  That  being-  so,  the  filling-  threads  can- 
not be  laid  close  tog-ether,  but  will  always  be  separated  from 
each  other  by  at  least  the  diameter  of  the  warp  thread;  there- 
fore, there  should  be  a  greater  number  of  warp  threads  per  inch 
than  filling-  picks. 

If  the  fabric  is  for  a  useful  purpose,  as  well  as  to  bear  strain, 
the  material  which  is  present  in  least  quantity,  whether  it  be 
filling-  or  warp,  should  be  of  sufficient  strength  to  compensate  for 
the  absence  of  quantity,  otherwise  the  fabric  will  be  able  to  bear 
strain  in  one  direction  only,  whereas  by  proper  attention  to  the 
streng-th  of  the  material  employed  we  may  make  it  able  to  bear 
the  requisite  strain  in  both  directions.  If  it  is  desired  to  produce 
on  the  fabric  a  smooth  unbroken  surface,  with  no  pattern  visible, 
the  warp  threads  may  be  placed  so  closely  together  that  as  one  is 
withdrawn  to  bend  round  the  filling-  those  on  each  side  of  it  will 
close  over  the  vacancy  and  completely  hide  the  point  where  it  was 
interwoven  with  the  filling-.  In  that  case  the  number  of  warp 
threads  would  be  increased  in  proportion  to  the  number  of  filling, 
and  consequently  the  fabric  will  be  capable  of  bearing  an  in- 
creased strain  upon  the  warp,  but  a  decreased  strain  in  the 
direction  of  the  filling.  Exactly  the  same  principle  will  apply  to 
fabrics  where  a  filling  surface  is  desired,  the  warp  threads  being 
set  such  a  distance  apart  as  will  permit  of  the  filling  threads 
passing  readily  between  and  bending  around  them. 

The  filling  threads  are  inserted  as  closely  as  their  diameters 
will  allow,  and  in  some  cases  so  as  to  pass  over  and  hide  the 
point  where  filling  has  bent  around  the  warp,  and  again,  in  many 
cases,  so  closely  that  the  filling  is  compressed  and  loses  its 
cylindrical  form.  In  such  fabrics  the  greatest  strength  is  in  the 
direction  of  the  filling  in  proportion  to  the  quantity  of  material 
employed. 
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EXERCISES  IN  SATEEN  MOTIFS. 

(vl)     Work  out  weaves  from  the  following: 

o)^^A  (^)^^^A  («>^^^A 

C4)L,l^/5  C5)^£^/.    (n)LJ^/. 


1     2     3 


(^>^^^A  <«> 


3     3     1/0      ^9)^i-J_/,3 
322/         ^-^       3     22 


a3)i3L^/l(H)^i^/2    05)i,^i,/3 


2     2     2 


0       0       9 


3     3     1 


<">  V-r^/''^">  V-T^3/^    (">       1     2     2 


A 


(19) 


3     1     1 


?     1     1 


2     I 


2  A  ^^")  ^^/-   ^"^  T^r-r/ 


(22)^i-J-5        (23)1^/2        '24)L±-37-3 

(jB)     Write  the  order  of  weaving,  and  move  numbers  for  each 
of  the  following  weaves  25 — 30,  both  warp  way  and  filling  way. 


•  •! 

•1 

• 

• 

• 

• 

• 

•• 

• 

• 

• 

• 

• 

••• 

• 

• 

•• 

• 

• 

•  • 

•  • 

• 

• 

• 

•  •   i 

• 

• 

• 

• 

!• 

• 

1  !•• 

• 

' 

• 

• 

•{•  •!• 

• 

• 

• 

•  • 

1 

• 

• 

• 

•  • 

•  I 

• 

• 

•!•!• 

•    i«i 

_ 

• 

— 1 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

*l* 

• 

• 

• 

• 

• 

• 

•i 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  :• 

• 

• 

•  • 

• 

!• 

• 

•i* 

• 

•1 

•  ■ 

!• 

• 

!• 

• 

• 

•  1 

•i  1 

• 

• 

•• 

• 

•!•'• 

•j 

l», 

■ 

• 

f 

• 

• 

r~ 

'^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

S 

• 

•^ 

• 

(• 

• 

• 

• 

• 

• 

fl 

•*• 

• 

* 

• 

• 

t 

• 

•1 

• 

• 

• 

• 

• 

• 

• 

J*l 

• 

• 

• 

• 

• 

•1 

• 

• 

• 

• 

• 

•' 

i»i 

• 

•i 

• 

_. 

.• 

25  26  27 

(Exerc)se  contlnutd  on  next  page  ) 


DESIGN  TEXTS. 


•••• 

• ••• 

• •_•• 

•  _•• • 

•  • •• 

• ••_• 

•••• 

•  •• ? 

•  •   •• 


• 

ir 

• 

• 

[• 

— 

• 

— 

• 

• 

•  •1 

• 

• 

• 

»• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

• 

• 

•  •!• 

• 

• 

•_ 

•  • 

• 

• 

• 

• 

'* 

• 

• 

• 

• 
• 

•_ 

_• 

•' 

t 

• 

• 

•  • 

• 

• 

A 

t 

• 

■ 

• 

f 

•  • 

• 

• 

• 

^ 

•[• 

• 

• 

• 

• 

• 

* 

y- 

• 

• 

• 

• 

• 

in 

^ 



•!• 

• 

• 

• 

28 


29 


69 


• 

• 
• 
• 

Jb 

JB 

L* 
« 

.• 

* 

.1 

• 

fr 

9 

(l^ 

• 

«]«]*•] 

• 

• 

« 

i 

• 

O 

• 

o 

• 

• 

« 

« 

30 


(C*)    Make    plans  with  bases  31 — 33  and  order  of  uxiivitig 
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(Z>)Make  two  plans  on  each  of  the  accompanying  bases  39 — 41, 
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(F)  Run  out  plans  42 — 45  to  one  complete  pattern  of  each. 
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(i^)  Give  two  bases  on  13  threads  and  ran  out  two  plans  on 
each  base 

(  Gy  Make  plans  as  follows : 
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(//)  Give  order  of  weaving  and  move  of  the  following  plans; 
(13)   !-^/0  +  0  +  3  (14)  ^/0  +  3 

(19)   i-A_?_/5  — 1  — 1      (20)  ^  .^   ,^   _  A  — 1  —  1 
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(/)Make  two  plans  on  eadi  of  the  accompanying  bases"  21 — 30. 
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(^')  Run'out  plans  31  — 3()  until  complete. 
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(^K')  Give  one  complete  repeat  of  plans    37 — 43  and  write 
order  of  weaving  and  move  number  for  each. 
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SATEEN    STRIPES. 

In  desig-ning-  fancy  fabrics  for  the  white  cotton  trade  the  de- 
signer is  frequently  compelled  to  depend  almost  entirely  upon  the 
weave  to  obtain  different  effects.  When  the  warp  and  filling  are 
both  white,  this  becomes  a  necessity.  There  is  another  method, 
however,  and  it  is  one  that  is  often  useful,  namely,  the  manner  in 
which  the  warp  is  reeded.  In  some  patterns  it  is  necessary  to 
have  some  parts  of  the  warp  reeded  in  greater  numbers  than  in 
other  sections,  that  is,  in  some  parts  of  the  reed  each  dent  con- 
tains 2  threads,  while  in  other  sections  the  reed  may  contain  3,  4, 
5  or  even  6  in  one  dent.  Six  is  generally  considered  the  high- 
est number,  but  in  some  rare  cases  even  8  or  10  threads  are  put 
in  the  same  dent. 

Nearly  all  the  fancy  white  goods  that  are  made  have  for  the 
body  or  groundwork  of  the  fabric  the  regular  plain  or  cotton 
weave,  1  up  and  1  down.  The  stripe  in  the  warp  will  be  either 
a  twill,  broken  twill,  or  sateen  weave,  warp  flush,  and  the  over- 
check  will  be  a  sateen  weave,  filling  flush.  The  sateen  weave  is 
generally  combined  with  other  weaves  to  make  stripes  and 
checks. 

Stripes  consist  of  bands  or  lines,  varying  in  width  and  color, 
running  lengthwise  of  the  cloth,  viz.,  in  the  direction  of  the  warp. 
The  distinctive  character  of  this  make  of  goods  is  its  line-like 
composition.  All  patterns  of  this  order  are  nothing  more  than  a 
blend  of  lines  of  various  shades  and  weaves.  They  are  of  vary- 
ing widths  and  extend  from  one  end  of  the  fabric  to  the  other. 
Although  this  form  of  pattern  is  well  adapted  to  trouserings, 
shirtings,  and  some  styles  of  dress  and  mantle  cloths,  it  is  not 
suitable  for  coatings  and  even  suitings  when  extended  beyond  a 
very  minute  stripe  of  the  hair  line  description. 

The  variety  of  these  stripes  is  very  extensive,  both  as  to 
shade  and  color,  commencing  with  a  single  thread  hair  line,  and 
increasing  in  size  until  a  stripe  or  band  several  inches  wide  is  ob- 
tained. 

The  prominence  of  the  different  weaves  employed,  the  bands 
or  lines  of  color,  their  distinctness,  solidity,  their  intermittent 
character,  and  their  subdued  tone  aspect,  are  all  qualities  depend- 
ing on  the  structure  of  the  fabric  and  its  weave  composition. 

The  pattern  in  striped  styles  is  principally  a  warp  product, 
and  the  filling  in  such  cases  only  of  secondary  consideration. 
The  filling  is  employed,  first,  to  bind  the  warp  threads  together 
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and  thus  form  a  wearable  fabric;  second,  to  constitute  an  appro- 
priate g-roundwork  on  which  the  w'arp  colorings  may  be  correctly 
exposed. 

Proper  emphasis  of  the  colors  composing*  the  stripes  is 
acquired  by  employing  a  suitable  shade  of  filling,  and  by  adopt- 
ing that  system  of  crossing  or  interweaving  which  will,  in  add- 
ition to  yielding  the  requisite  strength  and  firmness  of  fabric, 
sufficiently  interfere  with  the  continuity  of  the  fancy  shades 
introduced  into  the  warp. 

Some  are  mere  lines,  no  wider  than  the  diameter  of  the 
threads  employed,  while  others  are  several  inches  wide.  Two 
colors  may  be  introduced  to  form  stripes  of  different  widths; 
for  example,  black  and  a  dark  mix  may  be  combined  to  give 
stripes  of  many  descriptions. 

We  could  use  1  thread  of  black  and  1  thread  of  dark  mix, 
which  would  make  a  stripe  of  the  hair-line  description,  using 
the  plain  weave  for  the  intercrossing;  or  2  threads  of  black  and 
1  thread  of  dark  mix,  using  the  3-harness  twill  for  the  inter- 
weaving. Thus  we  might  continue  on  these  principles  and  form 
sets  of  stripes  of  variable  widths  or  sizes,  The  character  of 
these  styles  to  a  very  great  extent  is  g-overned  by  the  class  of 
texture  in  which  they  appear.  Examples  of  this  occur  in  the 
various  fabrics  produced  b}'  the  loom.  Take,  for  example,  stripes 
for  trouserings,  which  are  generally  small  to  medium  size,  softly 
and  neatly  toned  in  coloring.  In  dress  goods,  mantlings  and 
ulsterings  are  found  much  broader  effects,  more  elaborate  in 
arrangement,  and  which  require  much  greater  force  of  coloring. 

In  cotton  shirtings  small,  neat  styles  are  considered  the 
best,  but  in  cotton  dress  goods  there  seems  to  be  no  definite 
limit,  either  as  to  the  width  of  the  stripe  or  to  the  radical  plan 
of  coloring.  For  aprons,  children's  dress  goods  and  such  fabrics 
as  tickings  and  awnings,  stripes  are  used  to  a  considerable  ex- 
tent. To  form  a  practical  idea  of  what  is  meant  by  a  sateen 
stripe  the  following  particulars  should  be  thoroughly  understood. 

Sateen  Tick  Stripe.  When  the  name  "Sateen  Tick"  is 
used,  the  general  impression  is  that  of  a  line  of  goods  or  a  fabric 
which  in  some  way  resembles  a  sateen.  But  a  sateen  tick  is 
in  no  way  like  a  satin,  being  used  for  an  entirely  different 
purpose.  These  goods  are  made  entirely  of  cotton,  and  are  used 
for  upholstery;  the  name  "Sateen  Tick"  being  taken  from  the 
weave,  which  is  a  sateen  weave. 
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There  is  quite  a  demand  for  this  fabric,  but  the  manufacture 
of  it  is  chiefly  in  the  hands  of  a  few  larg-e  mills,  which  monop- 
olize the  industry.  In  many  mills  in  which  this  fabric  has  been 
attempted  a  2-ply  yarn  has  been  used  for  the  warp,  and  this 
has  made  the  g-oods  harsh  in  feeling-,  and  unfit  for  this  purpose. 
The  only  proper  way  to  make  them  feel  soft  is  to  use  combed 
cotton  yarn  for  the  warp  and  the  same  stock  for  the  lilling-,  but 
having-  the  filling-  twisted  harder  than  the  warp.  The  best  fabrics 
on  the  market  have  98  threads  to  the  inch  of  single  7's  and  about 
52  picks  of  single  14's.  The  weave  which  is  used,  and  from 
which  the  fabric  obtained  its  name,  is  the  sateen  weave,  warp 
flush  which  throws  the  warp  entirely  on  the  face.  It  makes  a 
smooth  face,  free  from  twill  lines,  with  the  points  of  intersection 
evenly  distributed.  The  S-harness  sateen  is  the  simplest  kind. 
As  before  stated  these  weaves  are  constructed  by  taking  the 
number  of  harnesses  to  be  used  for  the  sateen,  and  dividing-  it 
into  two  parts  neither  of  which  are  equal,  nor  one  a  divisor  of 
the  other;  still  further,  neither  divisible  by  a  third  number. 

The  stitching  for  the  weave,  or  the  interlacing-  of  the  warp, 
is  obtained  in  the  following  manner: 

The  first  intersection  will  be  on  warp  thread  No.  1;  the 
next  intersection  will  be  either  on  the  third  or  fourth  warp  thread, 
according-  to  whether  the  weave  is  counted  by  twos  or  by  threes. 
If  counted  by  twos  the  intersections  will  be  as  follows:  1,  3,  5,  2,  4. 
Almost  all  of  these  g-oods  are  woven  on  this 
weave,  but  in  some  cases  the  cig-ht-harness 
sateen  shown  in  Fig.  133  is  used.  The  intersec- 
tions are  as  follows:  1 ,  4,  7,  2,  5, 8, 3, 6.  This  is  con- 
structed on  the  same  principle  as  the  five-harness 
sateen,  but  there  are  fewer  intersections  of  the  s  h.  sateen. 
warp;  consequently  this  allows  more  picks  and  makes  a  heavier 
fabric.  These  sateens  are  very  desirable  g-oods,  as  they  may  be 
woven  easier  and  faster  on  account  of  the  weave.  The  line  of 
colors  should  be  as  simple  as  possible,  because  the  fewer  the 
colors  the  less  the  expense.  The  following-  is  a  line  of  colors  in 
use  in  one  of  the  largest  mills  in  the  country:  Black,  white,  red, 
very  light  tan,  medium  tan,  dark  blue,  brown  and  lig-ht  brown. 
These  colors,  if  made  in  lig-ht  shades,  can  be  combined  in  a  g-reat 
variety  of  eff^ects  and  produce  innumerable  patterns. 

The  followingr  will  give  g-ood  results  and  splendid  combin- 
ations, and  wiU  also  g-ive  the  size  and  style  of  the  stripes.     An 
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attractive  effect  having-  a  very  broad  stripe  can  be  produced  by 
120  threads  of  red,  10  white,  60  lig-ht  tan,  4  dark  bine,  10  medium 
tan,  4  dark  blue,  60  medium  tan,  4  dark  blue,  10  medium  tan,  4 
dark  blue,  69  light  tan,  and  10  white. 

This  can  be  varied  and  will  make  another  very  effective  style 
by  using-  120  threads  of  dark  blue  in  place  of  red,  the  rest  re- 
maining- the  same.  Another  g-ood  coloring-  is  made  as  follows: 
10  threads  red,  10  dark  blue,  88  red,  10  dark  blue,  10  red,  50 
white,  6  dark  blue,  10  dark  tan,  6  dark  blue,  10  dark  tan,  6  dark 
blue,  10  dark  tan,  6  dark  blue,  50  white,  2  dark  blue,  16  red,  2 
dark  blue,  50  white. 

In  all  these  dressing-s  the  color  can  be  varied;  the  number  of 
threads  may  also  be  increased  or  decreased  at  pleasure.  The 
principle  effect  desired  is  contrast  of  color,  combined  with  har- 
mony.    There  is  no  limit  in  the  range  of  design. 

COTTON   SATEEN   STRIPE. 

The  yarn  used  for  this  class  of  fabric  varies  from  40'sto  70's, 
although  a  larg-e  proportion  is  between  50's  and  60's.  There  are 
also  larg-c  quantities  of  2  ply,  4  ply,  and  sometimes  6  ply  yarn 
used  in  cotton  cords  and  stripes.  The  filling-  for  such  g-oods  will 
range  from  60's  to  90's. 

The  texture  of  the  fabric  in  the  plain  part,  that  is,  the  part 
between  the  sateen  stripes,  will  vary  from  60  threads  x  60  picks 
to  96  threads  x  80  picks.  The  width  of  the  goods  is  generally 
from  27  to  28  inches,  though  g-oods  made  especially  for  aprons 
will  run  from  40  to  42  inches. 

For  an  illustration,  let  us  make  a  cloth  28  inches  wide,  having- 
for  the  design  a  sateen  stripe,  with  plain  stripe  ground  for  1  inch; 
sateen  or  broken  six-harness  twill,  %  inch;  plain  g-round,  %  inch; 
broken  twill,  %  inch.     Total  width  of  stripe  to  be  \Y\  inches. 

28  inches  -^  1.75  inches  =  16  repeats  or  designs  across  the 
cloth.  Suppose  we  make  the  body  of  the  warp,  or  what  we  have 
already  called  the  plain  or  ground  work,  80  threads  to  the  inch. 
Then  we  have: 

%  inch  broken  twill 
%  inch  groundwork 
%  inch  broken  twill 
1    inch    g^roundwork 

It  is  to  be  divided  into  a  reed  with  40  dents  to  the  inch,  or,  as 
is  usually  understood,  a  40's  reed;  2  threads  in  one  dent  =80 
threads  per  inch.     When  making  a  pattern  with  one  part  of  the 
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design  larger  than  the  other,  divide  the  larger  portion  into  two 
parts,  so  that  the  design  will  commence  at  one  side  of  the  cloth 
and  will  be  equal  to  the  design  at  the  extreme  edge  or  other  side 
of  the  cloth.  Our  typical  design  has  one  inch  of  plain  or  ground 
which  we  divide  into  two  equal  parts. 

The  way  to  lay  out  this  piece  of  cloth  will  be  as  follows: 


Yi  inch  plain  20  dents 

%  inch  stripe  10  dents 

X  inch  plain  10  dents 

%  inch  stripe  10  dents 

y2  inch  plain  20  dents 

70 


2  threads  in  one  dent  =  40  threads 
6  threads  in  one  dent  =  60  threads 
2  threads  in  one  dent  =  20  threads 
6  threads  in  one  dent  =  60  threads 
2  threads  in  one  dent  =  40  threads 

220 


Thus  it  will  be  seen  that  one  pattern  occupies  70  dents,  and 
as  we  have  already  decided  that  there  are  to  be  16  repeats  of  the 
pattern,  we  shall  require  16  x  70  =  1,120  dents  exclusive  of 
selvedge.  Add  10  dents  on  each  side  for  selvedge,  this  making 
total  of  1,140  dents. 

1,140  dents  -^-  40  :=  28>^  inches. 

The  reed  must  be  28 >^  inches  wide. 

Two  hundred  and  twenty  threads  in  one  pattern  x  16  =  3,520 
threads.  The  selvedge  is  composed  of  20  double  threads,  2  in  a 
dent  on  each  side. 

Left  selvedge  20  double  threads  :=       40 

Body  of  warp  =  3,520 

Right  selvedge  20  double  threads  =        40 

Total  number  of  threads  =  3,600 

Fig.    134  represents  a  good  weave  for  a  six-harness  broken 

twill.     This  weave  is  especially  recommended  for  this  purpose. 

The  next  thing  to  make  is  the  drawing-in  draft,  or  harness 
draft  and  chain. 

Also  leave  for  selvedges  10  empty  heddles 
on  the  right  and  left  sides  of  the  4-front  har- 
nesses. 

The  first  40  threads  on  the  4-front  har- 
nesses, which  are  forming  a  plain  weave;  the 
second  section  of  threads  which  are  drawn 
on  the  6  back  harnesses,  and  are  weaving  a 
6-harness  broken  twill;  the  third  section  of 
the  threads  which  are  drawn  on  the  4  front  harnesses;  the  fourth 
section  of  threads,  which  are  drawn  on  the  6  back  harnesses; 
and  the  last  section  of  40  threads  on  the  4  front  harnesses,  make 
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one  repeat  of  the  pattern  or  220  threads.  This  operation  is  re- 
peated 16  times,  and  when  finished  will  have  completed  the  body 
of  the  warp,  or  3,520  threads.     Now  draw  in  the  double  threads 
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for  the  selvedg-es  on  each  side  of  the  warp.  The  foregoing^  is  a 
systematic  way  of  obtaining-  the  layout  of  a  design,  chain  and 
harness  draft;  but  in  some  mills  the  drawing-in  or  harness  draft 
would  be  laid  out  as  follows: 

10  double  threads  on  1,  2,  3,   4. 
^       40  threads  on  1,  2,  3,  4. 

threads  on  5,  6,  7,  8,  9,  10 
threads  on  1,  2,  3,  4. 
threads  on  5,  6,  7,  8,  9,  10 


Repeat 

16 
times 


60 
20 
60 
40 


threads  on  1,  2,  3,  4. 


for  selvedf^es 

for  plain  weave 

for  broken  twill 

for  plain  weave 

for  broken  twill 

for  plain  weave 


220  X  16 
10  double  threads  for  1,  2,  3,  4.  for  selvedg-es 

There  is  another  very  important  matter  to  which   particular 

attention  must  be  paid;  that  is,  the  question  of  how  many  wires 

or  heddles  must  be  placed  on  each  harness  shaft,  thus  preventing 

any  possibility  of  overcrowding  the  wires  or  heddles  on  any  or  all 

of  the  harnesses.     Take  our  previous  example  for  illustration. 

On  the    1st  harness     25  threads  X  16  patterns  =  400  heddles 

On  the    2d   harness     25  threads  X  16  patterns  =  400  heddles 

On  the    3d   harness     25  threads  X  16  patterns  =  400  heddles 

On  the    4th  harness     25  threads  X  16  patterns  =  400  hecdles 

On  the    5th  harness     20  threads  X  16  patterns  =  320  heddles 

On  the    6th  harness     20  threads  X  16  patterns  =  320  heddles 

On  the    7th  harness     20  threads  X  16  patterns  =  320  heddles 

On  the    8th  harness     20  threads  X  16  patterns  =  320  heddles 

On  the    9th  harness     20  threads  X  16  patterns  =  320  heddles 

On  the  10th  harness     20  threads  X  16  patterns  =  320  heddles 


Also  on  the  4-front  harness  5  extra  for  selvedges 

Total 


3,520  heddles 
20  heddles 

3,540  heddles 
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In  this  cloth  we  will  suppose  there  are  72  picks  per  inch. 

In  weaving  this  class  of  fabric,  there  is  often  much  trouble 
caused  by  filling-  kinks.  The  filling  is  apt  to  catch  on  the  sateen 
stripe,  and  unless  the  shed  is  perfect  and  clear  there  will  be 
trouble  of  this  kind.  Under  these  circumstances  it  is  necessary 
that  the  harnesses  are  properly  hung,  and  that  they  are  making 
a  clear,  even,  open  shed.  Almost  all  mills  engaged  in  weaving 
this  class  of  goods  use  a  head  motion  known  as  the  dobby.  The 
Crompton,  Knowles  and  Stafford  being  the  most  popular.  As  the 
goods  are  woven  with  one  shuttle  the  looms  can  be  run  at  a  very 
high  rate  of  speed,  for  which  the  dobby  or  head  motion  is  espe- 
cially adapted.  These  dobbies  are  made  to  fit  any  kind  of  loom, 
and  it  is  quite  common  for  mills  to  put  them  on  their  plain  looms, 
to  be  used  thereafter  for  fancy  weaving.  But  as  the  loom  can 
weave  with  but  one  shuttle,  it  is  confined  to  striped  goods. 

Overchecks.  In  making  patterns  for  plaids,  proceed  in  the 
same  manner  as  with  the  stripes  to  find  the  number  of  warp 
threads.  It  is  the  filling  check  or  overplaid  that  will  give  most 
of  the  trouble  in  these  patterns. 

To  get  the  stripe  or  ovcrcheck  in  the  filling  of  the  same 
density  as  the  broken  twill  or  sateen  stripe  in  the  warp,  the  take- 
up  motion  must  be  prevented  from  working,  so  that  the  filling 
threads  may  be  beaten  up  closely,  to  correspond  with  the  broken 
twill  in  the  warp.  To  accomplish  this  a  wire  is  attached  to  the 
pawl  that  pushes  or  pulls  the  rachet  gear,  and  is  fastened  at  the 
other  end  to  one  of  the  levers  that  work  the  harnesses.  Wherever 
the  take-up  motion  should  stop,  a  pin  is  inserted  in  the  chain  at 
the  proper  place.  The  pin,  in  lifting  the  lever,  pulls  the  wire 
that  is  fastened  to  the  pawl,  thus  lifting  it  up  and  thereby  stop- 
ping the  take-up  motion. 
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Fit,^  137 

The  question  now  arises  of  how 
often  the  take-up  motion  should  be 
stopped  while  weaving  the  check. 

We  will  again  take  our  example: 
to  make  the  filling  compare  with  the 
warp,  there  will  need  be  as  many 
picks  in  %  inch  as  there  are  in  the 
corresponding  stripes  in  the  warp, 
which  is  60.  It  will  be  found,  how- 
ever, in  practice,  that  54  will  be 
sufficient.  Supposing  there  are  72 
picks  per  inch,  in  ^  of  an  inch 
there  would  be  18,  but  the  over- 
plaid  calls  for  54.  The  ratchet  gear 
is  taking  up  1  tooth  every  2  picks, 
thus  moving  9  teeth  for  every  ^  of 
an  inch  of  cloth  woven;  therefore,  to 
get  54  picks   in  that  space,    there  Fig.  i38. 

must  be  6  picks  for  every  tooth  taken  up,  so  it  follows  then  that 
out  of  every  6  bars  in  the  pattern  chain,  4  of  them  will  have  to 
contain  pins  in  order  to  stop  the  take-up  motion. 

The  best  weave  for  the  stripe  or  overplaid,  when  there  are 
an  even  number  of  threads  in  a  dent,  is  the  4-harness  broken 
twill,  or  crowfoot  weave.  In  making  the  design  for  a  filling 
stripe  of  this  description,  and  in  order  to  have  the  warp  stripe 
pass  smoothly  over  the  filling  check,  the  weave  must  be  made 
double  what  it  is  in  the  plain  part;  if  we  are  using  a  5  up  and 
1  down  weave,  it  must  be  made  to  run  exactly  double,  that  is, 
10  up  and  2  down,  when  it  comes  to  the  filling  stripe.  Fig. 
137  will  explain. 
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There  must  be  two  extra  harnesses  allowed  for  selvedges 
on  patterns  of  this  nature,  otherwise  there  will  be  a  bad  sel- 
vedg-e  where  the  filling-  stripe  is  being  woven.  Fig.  138  shows 
the  harness  chain  complete  for  weaving  a  plaid  from  a  stripe 
pattern  just  explained. 

SHADED  FABRICS. 

Shaded  fabrics  are  often  in  demand,  used  not  only  in  decor- 
ative Jacquard  work  in  general,  but  also  in  men's  wear  and  dress 
goods.  Shading  may  be  done  in  two  ways.  1,  by  using  different 
colors  of  yarn  in  warp  and  filling  and  changing  the  weave,  or  2, 
by  shading  the  colors  from  light  to  dark  and  using  the  same 
weave  throughout  the  pattern.  In  the  first  instance,  there  would 
be  a  light  warp  with  a  dark  filling.  The  reverse  would  produce 
a  similar  effect.  When  a  dark  filling  and  a  light  warp  is  used, 
a  filling  flush  weave  is  used  for  the  darker  portion  of  the  fabric 
and  gradually  changed  to  a  warp  flush  to  procure  the  desired 
effect  of  shade.  This  may  be  done  by  adding  extra  risers  to 
the  original  filling  flush  weave.  The  original  filling  flush  weave 
or  base  weave  may  be  either  a  twill  or  a  sateen.  The  base 
weave  is  carried  to  the  full  extent  of  the  design.  The  differ- 
ent portions  of  the  shaded  design  then  outlined  and  the  slightly 
varying  weaves  are  placed  in  their  proper  positions,  according 
to  the  density  of  shading  required. 

SATEEN  WEAVES. 

1.  Define  the  following  terms:  («)  satin,  (b)  satinet,  (c) 
Kentucky  Jean. 

2.  What  fabrics  are  woven  from  satin  effects? 

3.  Describe  the  uses  of  satin  effect  in  cotton  and  woolen 
goods. 

4.  What  weaves  are  used  as  foundations  for  sateen  weaves? 

5.  Define  the  difference  between  a  warp  flush  and  filling 
flush  sateen. 

6.  What  peculiarity  exists  in  the  interweaving  of  the  warp 
and  filling  of  a  sateen  weave? 

7.  What  is  the  method  used  for  "obtaining  the  combination 
for  the  designing  of  a  sateen?"     Describe  fully. 

8.  Construct  a  five-harness  sateen  from  the  one  up,  four 
down  twill,  {a)  using  two  as  a  move  number;  (d)  using  three  as  a 
move  number. 
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9.     How  is  a  six-harness  sateen  constructed? 

10.  Give  all  the  possible  move  numbers  for  the  following- 
sateen  weaves:  seven-harness,  eig^ht-harness,  nine-harness,  ten- 
harness,  eleven-harness,  twelve-harness,  thirteen-harness,  four- 
teen-harness,  fifteen-harness  and  sixteen-harness. 

11.  Illustrate  the  method  of  constructing-  a  sateen  weave 
(pick  by  pick)  by  using  the  eight-harness  one  up,  seven  down, 
move  number  three. 

12.  When  weaving  a  warp  flush  sateen,  how  close  should  the 
warp  threads  be  set  in  the  loom? 

13.  Describe  fully  the  interweaving  of  warp  and  filling  in  a 
warp  flush  sateen. 

14.  Compare  the  streng-th  necessary  for  warp  and  filling-  in 
a  filling-  flush  sateen. 

15.  How  is  a  smooth,  unbroken  surface  produced  by  (a) 
a  warp  flush  sateen;  (d)  a  filling-  flush  sateen? 

CORKSCREW  AND  DOUBLE  TWILL  WEAVES. 

These  weaves  are  chiefly  used  in  the  manufacture  of  worsted 
suitings  and  trousering-s  and  in  some  branches  of  silk  manufac- 
ture. They  are  similar  to  oblique  warp  effect  rib  weaves  in  that 
they  require  a  fine  or  close  sett,  since  the  warp  forms  to  a  g-reat 
extent  the  surface  of  both  face  and  back  of  the  cloth,  the  filling- 
being  merely  embedded  between  alternate  warp  threads. 

With  reference  to  the  theory  of  constructing-  this  class  of 
weave,  the  true  corkscrew  is  constructed  from  the  reg-ular  twill 
weaves  on  an  uneven  number  of  harnesses,  by  using  the  reg-ular 
45  deg-ree  twill  for  a  chain  and  drawing-  the  threads  through  the 
harnesses  in  the  same  order  as  the  intersections  would  occur  in 
any  given  sateen  weave  on  that  number  of  harnesses. 

The  regular  45  degree  twill  weave  must  have  the  warp  sec- 
tion lifting-  one  point  in  excess  of  the  sinkers  or  filling-  section, 

3                                   4                                    5 
thus: =  5  threads, =^  7  threads, ==   9   threads, 

this  is  done  so  as  to  provide  for  the  overlapping  being  equal  at 
the  junction  of  the  corkscrew  twill. 

If  the  overlapping-  of  floats  at  the  juncture  of  the  two  twills 
is  more  than  one  point,  the  effect  of  this  style  of  weave  will  be 
lost.  This  explains  the  reason  why  this  method  of  drafting  is 
impracticable  on  weaves  of  an  even  number  of  harnesses,  as  an 
even  number  cannot   be  divided  into  two   unequal  parts,  one  of 
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Fig.  139. 


which  will  exceed  the  other  by  one  point  only.     The  fewest  num- 
ber of  harnesses  to  make  a  corkscrew  weave  is  the  five-harness 

3  .  . 

-;r- 45  (Icg^ree  twill;  the  thirtecn-harness  being-  the  larg-est  cork- 

screw  weave  in  practical  use. 

Fig-.  139  is  the  five-harness  45  degree  twill. 
Operation:  Divide  the  number  of  harnesses  into 
two  parts,  one  of  which  will  exceed  the  other  by  one 
point  or  unit,  thus  3  and  2  equal  5.  The  drawing-in 
draft  is  on  the  same  principle  as  constructing-  a 
sateen  weave,  commencing  with  the  first  thread  on 
first  or  front  harness,  using  one  of  the  numbers  to 
count  off  with,  as  a  move  number,  thus:  first  thread  on  first  har- 
ness, second  thread  on  fourth,  that  is,  first  and  move  three,  will 
place  the  second  thread  on  the  fourth  harness;  fourth  and  move 
three,  will  place  the  third  thread  on  the  second  harness;  second 
and  move  three,  will  place  the  fourth  thread  on  the  fifth  harness; 
fifth  and  move  three,  will  place  the  fifth  thread  on  the  third  har- 
ness; third  and  move  three,  places  the  sixth  thread  on  the  first 
harness  which  is  the  same  as  the  first  and  determines  one  repeat 
of  the  weave. 

This  draft  shows  a  straight  draw  for  live  harnesses,  consid- 
ering every  other  warp  thread  only,  viz:  every  uneven  warp 
thread,  1,  3,  5,  7,  9,  etc.,  calling  in  turn  respectively  for  the  1st, 
2d,  3d,  4th  and  5th  harnesses;  the  even  warp  number  two  com- 
mences on  the  fourth  harness,  considering 
again  every  other  warp  thread  only,  viz: 
every  even  warp  thread,  numbers  2,  4,  6  and 
so  on,  calling  in  turn  respectively  for  har- 
nesses numbers  4,  5,  1,  2,  3.  The  draw  or 
draft  completed  will  read  1,  4,  2,  5,  3,  1,  4, 
2,  5,  3.  A  study  of  Figs.  140  and  141  will 
explain.     Explanation  in  detail: 

1st  thread  on  the  No.  1  harness,  count  off  3  places,  the 
2d         ,,  .,         ,,     4         „  ,,3         ,.       ,. 


Fig.  140. 
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Fig-.  141  shows  the  corkscrew  weave  carried  to  its  full  ex- 
tent. It  will  be  noticed  that  in  the  first 
half  of  the  draft  that  the  first  or  odd 
thread  commences  the  draw,  whereas 
in  the  second  part  of  the  draft  it  is  the 
sixth  thread  or  even  number  that  com- 
mences  the  draw.     The   draft  must  be 


Fig.  141. 

extended  to  double  the  original  weave  to  make 

one  full  repeat. 

Fig".   142   is   a   seven-harness   weave,    seven 

divided  into  two  parts,  one  of  which  will  exceed 

the   other    by   one   point  only,  4  and  3  equal  7. 

4 

r  45  degree  twill. 

Fig-.  143  represents  the  harness  draft,  and 


Fig.  142. 


Fig-.  143.  Fig.  144. 

Fig.  144  is  the  extended  design  or  corkscrew  twill.     Four  is  the 

move  number. 

Fig.  145  is  a  nine-harness  weave,  nine 
divided  into  two  parts,  one  of  which  will 
exceed  the  other  by  one  point  only,  5  and  4 

equal  9.     ^ 45  degree  twill,  with  5  for  the 

move  number.     Fig.  146  harness  draft.  Fig. 
147  extended  design. 

Uneven  balanced  weaves  will  always  pro- 
Fig.  145.  duce  more  perfect  corkscrew  weaves  than  the 
even-sided  twills,  since  it  is  only  possible  with  the  uneven-sided 
twills  to  balance  the  cut  off  of  the  double  twill.     The  direction 
of  the  twill  will  be  reversed  by  using  the  lesser  number. 
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Fig.  146. 


Fig.  147. 


CORKSCREW  WEAVES  CONSTRUCTED  ON  AN  EVEN 
NUMBER  OF  HARNESSES. 

No  matter  which  even  harness  45  degree  twill  is  used  for 
foundation  for  an  even  harness  corkscrew  weave,  the  junction  of 
the  two  twills  will  be  faulty.  There  is  not  the  equal  cut  off  as 
produced  with  weaves  having-  an  uneven  number  of  harness  for 
repeat,  but  sometimes  a  corkscrew  weave  on  an 
even  number  of  harnesses  is  required,  especially 
with  fancy  effects  in  which  corkscrew  weaves 
are  used  in  combination  with  other  weaves. 
For  instance,  a  case  may  occur  when  a  cork- 
screw weave  for  an  even  repeat  of  harness  is 
required  to  connect  with  a  six-harness  twill. 
3 


Pig.  148. 


Fig.  148  is  the 


45  degree  twill. 


Fig.  149  drawing-in  draft.     Fig.  150  extended  design. 

It  will  be  noticed  that  with  this  weave  there  is  not  the  perfect 
junction  when  the  two  sections  meet  as  there  is  in  the  five- 
harness  weave.  This  is  always  with  an  even  sided  45  degree 
twill. 


Fig.  149.  Fig.  150. 

There   is  no  true   corkscrew   weave  on  an   even  number  of 
threads    less  than  twelve;  and   this  weave  is  composed   of   two 


six-harness  twills,   viz: 


3 


Fig.  151,  and 


Fig.  152,  twills. 


3  "■°-  """-""         2 
To  obtain  the  even  cut  off  of  the  two  twills,  commence  with  the 
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first  thread  of  the 


twill  and    the   fourth  thread  of  the 


3  2 

twill,  then  take  the  threads  alternately  from  each  twill,  thus,  1,  4, 
2,  5,  3,  6,  4,  1,  5,  2,  6,  3,  Fig-.  153;  this  weave 
repeats  on  12  threads  and  six  picks,  having-  a 
balanced  cut  off  between  the  doul)le  twills,  how- 
ever, showing  two  slightly  different  sizes  of  twill 
effects,  that  is,  a  four  float  alternating  with  a 
three  float. 

F.ff.  151.  Again,  such  corkscrew  weaves  do  not  permit 

of  a  reduction  of  harnesses,  which  is  a  serious 
defect.  The  above  example  cannot  be  reduced 
to  less  than  twelve,  whereas  the  uneven  number 
corkscrew  weave  can  be  reduced  to  the  number 
of  the  original  45  degree  twill. 

When  corkscrew    weaves    are   made   from 
weaves  exceeding  nine  threads  and  picks  the  interlacing  of  warp 

and  filling-  is  very  loose,  so  that  the 
fabric  is  not  merchantable,  as  the  warp 
will  slip  off  the  lilling.  To  remedy 
this  without  chang-ing  the  face  of  the 
fabric,  the  warp  floats  upon  the  back 
^''^-  ^=-'-  must   be    reduced    by  adding-   one    or 

more  points  of  interlacing. 

Take  an  eleven-harness  45  degree twill.     To  change  this 

twill  so  that  it  will  bind  firmly,  the  five  sinkers  which  go  to  the 

back  must  be  made  to  inter- 
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Fig-.  154. 

lace -;  this  changes  the  45  degree  twill  to  interlace  — - — 

=  ll-harness. 

Figs.  154  and  155  illustrate  the  7-harness  weave  constructed 
the  wrong-  way.  Compare  these  Figs.  154  and  155  with  Fig-s. 
143  and  144. 
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CORKSCREW  AND  DOUBLE  TWILL  WEAVES. 

1.  For  what  purposes  are  corkscrew  weaves  chiefly  used? 

2.  What  class  of  weaves  do  corkscrew  weaves  resemble  in 
regfard  to  sett? 

3.  What  weaves  are   used   as  foundations    for  corkscrew 
twills? 

4.  What  weaves  do  the  drafts   for  corkscrews   resemble? 

5.  Are  the  foundation  weaves  warp  or  filling-  flush?     Wh}'? 

6.  What  is  the  effect  if  the  overlapping  is  more  than  one 
point? 

7.  Are  the  foundation  weaves  generally  on  an  even  or  odd 
number  of  harnesses? 

8.  Make  a  design  for  the  simplest  corkscrew  twill. 

9.  What  is  the  largest  number  of  harnesses  used  for  prac- 
tical use? 

10.  Give  a  complete  description  of  the  method  used  for  con- 
structing corkscrew  weaves. 

11.  Why  is  it  necessary  to  extend  the  draft  to  double  the 
original  weave?  Explain  with  an  illustration  of  the  five-harness 
corkscrew. 

12.  Give  move  numbers  for  corkscrew  twills  woven  on  the 
following  number  of  harnesses:  seven,  nine,  eleven,  thirteen. 

13.  What  advantage  is  gained  by  using  uneven  balanced 
twills  for  corkscrews? 

14.  How  may  the  direction  of  the  twill  be  reversed? 

15.  What  defect  is  found  when  using  an  even  harness 
twill  for  foundation? 

16.  How  is  an  even  cut-off  obtained  when  using  a  weave 
on  an  even  number  of  harnesses  for  foundation? 

17.  What  is  the  defect  in  this  method? 

18.  What  defect  is  noticeable  when  corkscrew  twills  are 
made  from  foundation  weaves  exceeding  nine  threads  and  picks 
are  used? 

19.  How  may  the  defect  in  Question  18  be  remedied? 

CIRCULAR  AND  SPOT  WEAVES. 

Broken  weaves  on  a  limited  number  of  harnesses  are  often 
required  in  the  manufacture  of  figured  cotton  and  silk  fabrics. 
These  weaves  may  be  constructed  by  the  so-called  circular 
method,  employing  either  one  or  two  weaves.  The  number  of 
different  weaves  that  may  be  constructed  from  the  same  founda- 
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tioti  weaves  is  limited  only   by   the   combining-  qualities  of  the 
weaves  used.     Taking- two  three-harness  weaves  as  an  example: 
3x3  =  9x4  =  36    points    of    interlacing-        The    resulting-    or 
circular  weave  repeats  on  6  threads  and  6  picks. 
6  X  6  =  36  points  of  interlacing-. 

Two  four-harness  weaves  will  give  4  x  4  x  4  =  64  points  of 
interlacing-. 

The  construction  of  circular  weaves  is  simple.  Fig-.  151  is 
the  four-harness  swansdown  twill,  and  Fig.  152  the  four-harness 
crow  weave.  The  first  step  is  to  find  the  size  of  the  circular 
weave. 

4  X  4  X  4  =  64.         V"64  =  8.         8x8. 

Marking-  off  8  x  8  on  the  desig-n  paper,  the  first  weave  (swans- 
down)  is  placed  on  alternate  threads  and  picks,  as  shown  in  Fig-. 
153.  The  second  step  is  to  turn  the  paper  90°,  or  quarter  way 
around  to  the  right,  and  place  the  second  weave  (crow)  on 
alternate  threads  and  picks.  The  result  is  shown  in  Fig.  154. 
Third  step:  Turn  the  paper  90°,  or  on  alternate  threads  and 
picks,  as  in  Fig.  155.  The  fourth  and  last  step  is  to  turn  the 
paper  90°,  or  quarter  way  around  to  the  rig-ht,  placing-  the  second 
weave  (crow)  on  alternate  threads  and  picks,  giving-  the  complete 
circular  weave  in  Fig-.  156.  Turning-  the  paper  90°,  or  quarter 
way  around  to  the  right,  will  g-ive  the  first  position,  Fig-.  157. 

Figs.  158  and  159  are  two  four-harness  foundation  weaves, 
the  several  steps  in  the  construction  of  the  circular  weave  being- 
shown  in  Fig-s.  160,  161,  162,  163,  and  164.  By  combining  Fig's. 
157  and  164  the  circular  weave  in  Fig.  T65  is  produced. 

Taking-  the  first  foundation  weaves  used,  the  four-harness 
swansdown  and  crow,  many  different  effects  may  be  obtained  by 
commencing- either  or  both  of  these  weaves  on  a  different  thread 
or  pick. 

Fig-.  166  swansdown  twill,  commencing-  with  the  second  pick. 

167  crow  weave,  first  pick. 

168  resultant  circular  weave. 

169  swansdown  twill,  commencing-  with  the  third  pick. 

170  crow  weave,  first  pick. 

171  resultant  circular  weave. 

172  swansdown  weave,  commencing  with  the  fourth  pick. 

173  crow  weave,  first  pick. 

174  resultant  circular  weave. 
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From  this  it  may  be  seen  that  by  cbang-ing-  the  crow  weave  in 
a  similar  manner  the  number  of  effects  may  be  greatly  increased. 

Circular  weaves  are  used  to  a  great  extent  as  foundation 
weaves  for  crepes  and  similar  fancy  effects. 

Nos.  1,  2  refer  to  foundation  weaves,  No.  3  resultant  weave. 

SPOT  WEAVES. 

Spot  effects  may  be  produced  in  a  fabric  cither  by  a  spot  in 
the  weave  or  by  the  use  of  an  additional  warp  or  filling  to  give  the 
spot  figure.  The  simplest  method  is  by  using  a  spot  weave, 
which  is  constructed  on  the  principles  used  for  circular  weaves. 

Fig.  175  is  the  cassimere  twill  carried  out  eight  threads  and 
picks.  Fig.  176  shows  the  same  weave  with  risers  removed  in 
the  order  of  an  eight  harness  sateen.  This  is  taken  as  a  founda- 
tion weave.  Combining  these  weaves  as  a  circular  weave  the  spot 
effect  in  Fig.  177  is  produced. 

A  second  method  of  constructing  spot  weaves  is  to  mark  off 
the  paper  the  size  required  for  the  design  and  laying  out  a  sateen 
weave.  Around  each  of  the  sateen  risers  a  figure  is  constructed 
so  that  a  spot  effect  may  be  obtained.  Fig.  178  illustrates  an 
eight-harness  sateen  on  a  design  16  x  16.  Fig.  179  is  the  same 
as  Fig.  178  with  a  spot  arranged  on  each  of  the  sateen  risers. 
Fig.  180  is  a  five-harness  sateen  spot  arranged  on  15  x  15.  Fig. 
181  is  an  eight-harness  sateen  arranged  on  24  x  16. 

A,  B,  C.     Examples  for  analysis. 

CIRCULAR  AND  SPOT  WEAVES. 

1.  What  governs  the  number  of  weaves  possible  from  the 
same  foundation  weaves? 

2.  How  is  the  number  of  points  of  interlacing  found? 

3.  Give  the  number  of  points  of  interlacing  in  a  circular 
weave  formed  from   two  four-harness  foundation   weaves? 

4.  For  what  purposes  are  circular  weaves  used? 

5.  Explain  the  first  step  in  constructing  a  circular  weave. 
Illustrate. 

6.  Explain  and  illustrate  the  second   step. 

7.  Explain  and   illustrate  the  third  and   fourth  steps. 

8.  Make  a  circular  weave  from  the  2  and  2  basket  and 
cassimere  twills. 

9.  Make  four  different  circular  weaves  from  the  founda- 
tion weaves  used  in  Question  8. 

10.     How  are  spot  effects  produced? 


I 
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11.  What  is  the  simplest  method  of  producing-  a  spot  effect? 

12.  DesigTi  a  spot  effect  from  two  cassimere  twill  weaves. 

13.  Illustrate  the  sateen  method  of  producing  spot  effects 
by  the  following-  desig-na:  eight-harness  spot  on  twenty-four 
threads  and  twenty-four  picks;  five-harness  spot  on  twenty 
threads  and  fifteen  picks;  seven-harness  spot  on  twenty-eight 
threads  and  twenty-eight  picks. 

TWILLING. 

Flushes.  Diag-onal  twills  or  cords  that  run  obliquely  across 
the  cloth  may  vary  in  size  according  to  the  number  of  harnesses 
on  which  they  may  be  drawn  in  consecutive  order.  This  manner 
of  drawing-  is  technically  termed  a  straig-ht  over-draw.  Twills 
are  g-enerally  named  according  to  the  number  of  threads  that  will 
complete  the  design.    This  is  technically  termed  a  repeat.    Thus, 

weave is  known  as  a  3-harness  twill,  tilling  flush  ;  the  weave 

2 


-  is  called  the  3-harness  twill,  warp  flush.     It  may  be  stated 

here  that  when  practicable,  the  smallest  number  of  harnesses 
should  be  raised  and  the  g-reatest  number  depressed  in  weaving- 
special  makes  of  cloth.  In  this  manner  the  wear  and  tear  of  the 
yarn  is  much  reduced;  the  only  objection  to  this,  being-  that  in  a 
warp  flush  face  weave,  the  surface  of  the  g-oods  is  woven  face 
down  and  cannot  be  seen  by  the  weaver. 

The  4-harness  twill,  filling  flush,  is  formed  by  the  filling- 
passing-  over  3  threads  of  warp  and  interweaving-  at  the  fourth 
thread.  The  5-harness  twill,  warp  flush,  is  formed  by  the  fill- 
ing- passing  over  only  1  thread  of  warp,  interweaving-  at  the 
second  thread  and  passing-  under  4  warp  threads.  The  5-harness 
twill,  filling  flush,  is  exactly  the  reverse  of  the  warp  flush. 
Fig-.  156,  plain  weave;  Fig".  157,  3-harness  twill;  Fig-.  158,  4-harness 
twill;  Fig-.  159,  5-harness  twill;  Fig.  160,  6-harness  twill.  It  should 
be    understood    that  all  marks,   unless  otherwise  explained,   are 


Fig.  156. 


Fig.  157. 


Fig.  158. 


Fig.  159. 


Fig.  160. 
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risers,  and  all  blanks  or  spaces  are  sinkers:  therefore,  in  Figs. 
157, 158,  159,  160,  the  filling-s  predominate  on  the  face  and  are  called 
respectively  3,  4,  5  and  6-harness  filling-  flush  weaves.  If  the 
weaves  had  been  reversed,  that  is,  if  crosses  or  black  marks  had 
been  put  in  the  squares  which  are  now  blank,  the  weaves  would 
be  warp  flush  weaves.  We  now  understand  a  regular  twill  to  run 
in  small  diagonal  lines,  bars  or  cords,  at  an  angle  of  45  degrees 
or  obliquely  across  the  frabric.  It  may  be  a  filling  flush,  warp 
flush,  or  an  even-balanced  twill,  according  to  the  weave  used. 

When  the  consecutive  lifting  of  the  harnesses  or  scheme  of 
successive  interlacing  with  filling  is  changed,  so  as  to  raise  the 
harnesses  at  intervals  of  1,  2,  3  or  more  from  each  other,  the  twill 
or  diagonal  stripe  is  said  to  be  broken,  and  it  will  be  observed 
that  the  flushing  does  not  run  at  an  angle  of  45  degrees,  but  is 
broken  according  to  the  intervals  of  interlacing  and  the  disposition 
of  the  harnesses. 

We  must  now  consider  this  broken  effect  as  compared  with 
the  regular  disposition  of  the  harnesses  running  in  consecutive 
order.  When  the  harnesses  can  be  raised  regularly,  at  intervals 
of  2,  3  or  more  from  each  other,  the  weave  is  said  to  be  a  sateen 
of  a  perfect  order;  but  if  the  intervals  cannot  be  so  arranged,  or 
the  weave  will  not  admit  of  this  regular  intermission,  then  the 
weave  is  not  a  true  sateen,  although  we  find  many  of  these  imper- 
fect weaves  forming  the  groundwork  of  many  fabrics. 

The  smallest  number  of  threads  that  can  be  arranged  to 
make  a  true  sateen  is  the  S-harness  twill,  the  arrangement  of 
which  is  1,  3,  5,  2,  4.  Six  harnesses  do  not  admit  of  such  a  dis- 
position. The  7-harncss  twill  is  perfect,  admitting  an  interval  of 
1  or  2  harnesses.  Eight  harnesses  is  the  lowest  number  used 
in  making  an  evenly  numbered  weave  that  can  be  transformed 
into  a  true  sateen.  By  experimenting  we  find  that  by  an  interval 
of  2  we  have  a  most  perfect  sateen.  The  9-harness  twill  is  per- 
fect, each  alternate  harness  lifting.  The  10-harness  twill  is  a 
good  sateen,  every  third  harness  being  raised.  The  same  order 
of  interweaving  is  shown  by  the  11-harness  twill,  which  makes  a 
perfect  sateen.  The  13-harness  weave  is  formed  by  raising  every 
third.  The  15  is  made  by  lifting  every  other  third  harness.  The 
16-harness  sateen  is  made  by  omitting  2  or  4  threads.  It  may 
be  remarked  here  that  all  twills  of  an  uneven  number,  except 
the  3-harness  twill,  will  produce  perfect  sateen  arrangements. 
With  the  even  numbers  imperfections  are  often  found.     The  pre- 


DESIGN  TEXTS. 


93 


ceding-  remarks  apply  either  to  the  rillin<4-  or  warp  flush  weaves, 
where  1  thread  is  cither  up  or  down  and  the  remaining-  number 
covered  either  by  filling-  or  warp. 

Our  next  consideration  will  he  fancy  twills,  or  effects  that  are 
obtained  by  using  any  number  of  harnesses  in  any  fixed  weave. 
For  instance,  to  make  the  4-harness  twill,  1  up  and  3  down,  into 
another  variety  or  effect,  we  can  take  2  up  and  2  down.  This  is 
called  the  4-harness  cassimere  or  shalloon  twill.  With  a  larger 
twill  the  flushing  can  be  varied  by  interspersing-  the  weave  witli 
plain  texture,  as,  for  instance,  the  7-harness  changed  to  1  U[)  1 
down,  1  up  1  down,  2  up  and  1  down,  and  so  on. 


Fi^'.  161.  Fig-.  162.  Fi},'.  163.  Fi^-  164 

Fancy  Twills.  Examples  are  here  given  (Figs.  Idl  to  170) 
of  what  are  termed  fancy  twills,  and  it  will  be  seen  how  an  tiidless 
variety  of  patterns  may  be  obtained  from  them. 

Twills  that  run  obliquely  will  form  the  groundwotlc  for 
wave  effects,  either  in  the  direction  of  the  filling-,  across  tin-  fal)ric, 
or  in  the  direction  of  the  war[),  that  is,  with  the  lengtli  of  ihc 
fabric.  Take,  for  example,  the  4-harness  twill,  filling  flush;  draw 
this  straight  over  on  4  harnesses  and  raise  the  harnesses  as  shown 
in  Fig.  171.  By  studying-  this  wave  weave,  we  find  that  it  is  the 
common  45-deg-ree  twill  for  4  picks  and  that  it  then  twills  to  the 
left,  thus:   1,  2,  3,  4,  3,  2,  which   makes  a  zigzag  or  wave  effect  in 

the  direction  of  the  warp.    If  we  use  the  4-harncss ~  twill  and 

draw  the  threads  through  the  harness,  1,  2,  3,  4,  3,  2   (see   Fig. 
172),  which  is  the  same  order  as  g-iven  in  the  preceding  example, 


lift: 


Fig.  165.  Fi^.  166.  Fig.  167.  Fifr.  16M. 

the  effect  or  result  in  the  fabric  is  a  zig-zag  across  the  piece  or  in 
the  direction  of  the  filling. 


94 


DESIGN  TEXTS. 


Reverse  Twills.  In  all  the  reg-ular  twills,  as  shown  in  Figs. 
157  to  160,  the  fil'ling-  predominates  on  the  face  of  the  cloth,  and 
the  warp  on  the  back  of  the  cloth.  Take  the  5-harness  twill  for 
an  example ;  if  the  warp  is  of  one  color  and  the  filling-  another,  as 
there  is  1  thread  up  and  4  threads  down,  it  follows  that  four-fifths 
of  the  filling-  will  be  on  the  face  and  one-fifth  on  the  back,  thus 
chang-ing  the  appearance  of  the  filling  from  one  side  of  the  fabric 
to  the  other.  This  is  called  ?-c- 
vcrsiiig  the  twill.  It  is  very  ex- 
tensively applied  in  different 
branches  of  weaving-,  particularly 
in  the  cotton  and  linen  trades. 
We  will  take  for  example  the 
reversing  of  the  4-harness  twill.  Fig.  i69.  Fig.  no. 

and  make  a  stripe  of  12  threads  warp  flush  and  12  threads  filling 
flush.  In  this  example  (Fig.  173)  we  notice  that  it  takes  4  extra 
harnesses,  that  is,  4-harness  for  the  filling  flush  and  4-harness 
for  the  warp  flush  weaves.  Patterns  of  this  description  may  be 
extended  to  any  width  of  stripe,  as  they  are  formed  and  regulated 
entirely  by  the  quantity  of  warp  drawn  on  each  set  of  harnesses. 
These  examples  will  be  sufficient  to  show  the  nature  of  reversed 
twill  stripes,  the  varieties  of  which  may  be  increased  at  pleasure 
by  means  of  additional  harnesses,  and  by  varying  the  size  of  one 
or  both  stripes. 

The  next  variation 
of  the  reversed  twill  is 
to  form  on  the  same 
stripe,  the  warp  flush 
and  filling  flush  effect 
alternately.  (Fig.  174.) 
We  find  that  there  are  Fig.  ni. 

12  picks  filling  flush  weave  and  12  picks  warp  flush  weave.  We 
will  now  go  a  little  farther  with  these  examples,  combining  the 
two  systems  so  as  to  make  a  checker  or  dice  board  effect.  In 
making  designs  of  this  character,  attention  should   be  drawn  to 

the  divisions  of  the  two 
weaves.  Where  they 
unite,  the  line  must  be 
distinctly  defined,  that 
is,  to  make  them  unite 
in  a  perfect  cut.  This 
will   be    better    under- 
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tood  by  referring  to  Fig.  174,  at  the  extreme  sides  of  which,  top 
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Fisr.  173. 

and  bottom,  it  will  be  found  that  the  raising-  marks  of  one  division 
fall  exactly  on  the  sinking  marks  of  the  other  compartment. 
This  fig-ure  represents  a  perfect  cut. 
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DIAPER  WORK  AND  POINT  DRAWS. 

Damask.  From  what  has  been  said  in  reg-ard  to  fancy  twills, 
and  from  examples  that  have  been  worked  out,  it  will  not  be 
difficult  to  understand  the  drafting  of  the  cloth  known  as  Damask. 
Instead  of  straight-over  drafts,  damask  desig-ns  are  usually  woven 
by  means  of  what  is  termed  a  diamond  draft;  that  is,  a  draft  that 
runs  from  the  front  harness  to  the  back  harness  and  then  returns 
to  the  front  in  the  opposite  order,  thus  forming  a  zigzag  figure  on 
the  harness.  Sometimes  there  are  patterns  of  a  more  complex 
character  woven  on  this  system  of  drafting.  This  will  be  ex- 
plained under  the  head  of  double,  triple  and  alternate  diamond 
drafts. 

The  length  or  number  of  picks  in  the  repeat  of  the  design  is 
worked  out  on  the  same  principle  as  the  draft  for  the  warp.     (See 
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Fig-.  175.)  Whatever  variety,  therefore,  is  adopted  for  the 
groundwork  or  plan,  according-  to  the  foregoing-  explanations,  the 
result  of  the  extended  pattern  will  be  nearly  double  the  number  of 
ends  in  the  warp.  The  additional  threads  and  formation  of  twill 
will  be  in  direct  opposition  to  the  original  ground  plan.  As  the 
filling-  is  also  carried  out  on  the  same  principle  as  the  warp,  the 
desig-n  is  nearly  doubled  by  the  picks,  the  resulting- design  or  twill 
being-  run  in  the  opposite  direction.  Thus  a  square  or  diamond 
fig-ure  is  commonly  produced.  It  must  be  particularly  noticed 
that  there  is  only  one  thread  drawn  on  the  first  and  last  harness, 
and  that  the  filling  returns  on  the  same  scheme,  so  the  whole 
design  will  be  nearly  four  times  the  original  figure. 


Fig.  176. 


Fig.  17 


The  smaller  weaves  of  this  kind  produce  only  a  limited 
number  of  figures,  generally  a  small  diamond  with  a  dot  in  the 
center,  which  gives  the  resemblance  of  an  eye;  hence  this  variety 
of  design  is  called  a  bird's-eye.  But  when  we  use  8  harnesses 
or  more,  they  admit  of  considerable  diversity  in  flushing,  twilling 
and  the  addition  of  plain  texture,  thus  deviating  from  the  formal 
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Fig.  178.      IXJUliLE   DRAFT. 


bird's-eye.     The  design  now  assumes  the  appearance  of  damask 
work. 

Double   Draft.     These  examples  show  what  a  great  variety  of 
figures  can  be   woven  on  the  damask  work  principle,  especially 
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those  of  a  larg-e  ground  or  orif^inal  fig"ure.  All  of  these  tl<;-ures 
are  produced  by  the  extension  of  the  diamond  draft.  As  the 
resources  of  fancy  weaving-  are  inexhaustible,  various  other 
chang-es  can  be  effected  by  merely  diversifying-  the  order  or  suc- 
cession of  the  draft  independently  of  the  position  of  the  filling. 
As  every  extension  of  the  draft  in  tliis  manner  enlarges  the 
figure  in  a  duplicate  proportion,  that  is,  as  the  square  of  the 
number  of  threads  in  one  set  of  the  draft,  such  patterns,  when 
the  harnesses  are  numerous,  will  occupy  a  considerable  space  on 
design  paper.  In  all  double  drafts  it  should  be  understood  that 
the  filling-  or  picks  are  extended  in  the  same  order  as  the  warp 
draft. 
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Fig.  179. 

The  double  draft,  Figs.  178  and  179,  with  any  system  that 
may  be  adopted,  always  produces  two  square  or  diamond  effects. 
These  are  formed  one  within  the  other,  and  are  ag-ain  surrounded 
by  others  of  the  same  character. 

Triple  Drafts.  Fig".  180.  A  triple  draft  enlarg-es  the  dimen- 
sions of  these  patterns  still  further,  producing-  three  similar 
desig-ns,  one  within  the  other.  These  fig-ures  are  g-enerally 
termed  concentric  designs.  From  this  example  it  will  appear 
that  any  number  of  concentric  fig-ures  may  be  formed  by  repeat- 
ing- the  draft  any  number  of  times  straig-ht  over  the  harnesses  in 
one  direction,  and  by  returning  in  the  opposite  direction  an  equal 
number  of  times. 
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Fig-.  180.      TRIPLE    DRAFT. 

Alternate  Drafts.  Fig-.  181.  Another  method  of  diversifying- 
the  drafts  of  lined  work  patterns  is  by  dividing  the  harnesses  into 
two  sets.  Take  10  harnesses,  for  example,  which,  when  divided, 
should  form  2  sets  of  5  each.  On  either  set  we  can  make  a  diamond 
point,  double  or  triple  draft.  This  arrang-ement  throws  the  group 
of  small  fig-ures  produced  by  each  set  of  harnesses  into  alternate 
squares,  somewhat  resembling-  the  draft-board  pattern,  each 
square  again  being  composed  of  diaper   or  damask  work.     The 
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Fig.  181.      ALTERNATE   DRAFT. 

following  draft  is  an  explanation  in  itself.  To  find  the  number 
of  harnesses  required  for  any  lined  work  desig-n,  either  from  the 
fabric  or  design  paper,  count  the  threads  from  the  center  of  one 
figure  to  the  center  of  the  surrounding-  figure.  This  will  give  the 
number  of  harnesses.  If  a  square  be  formed  of  which  this  is  a 
diag-onal,  and  is  repeated  four  times,  but  inverted  so  that  any  one 
corner  of  the  design  may  be  a  common  center,  and  allowing  only 
one  thread  for  each  of  the  points,  both  by  the  warp  and  filling  it 
will  give  one  complete  set  of  the  design. 

Damask  work  designs  are  used  to  considerable  advantage  in 
the  linen  trade,  and  also  to  some  extent  in  cottons.  This  class  of 
work  makes  g-ood  designs  for  the  shawl  trade,  provided  the  warp 
is  of  one  color  and  the  filling  of  some  darker  shade  of  another 
color. 
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EXERCISES   ON    DAflASK    PATTERNS. 

1.     Form  a   check  from   the   accompanying-    damask  stripes 
«,  I),  c,  d,  e^f. 
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2.  Make  damask  stripe  desig-ns  on  48  ends  from  weaves^ 
and  h. 

3.  Make  check  designs  from  three  stripes   (Question  2). 

4.  Make  two  original  damask  stripe  and  corresponding  check 
desig-ns. 
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EXERCISES  FOR  PRACTICE. 

1.  Work   out   the    desig-ns    from    the   following-   drafts   and 
chain  plans. 

2.  Work  out  the  desig-ns  obtained  by  using-  chain  plan  M 
with  drafts  G,  H,  K,  L. 

3.  As  No.  2,  but  with  chain  plan  N. 
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EXERCISES   IN    DRAFTING. 

Reduce  each  of  the  following-  desig-ns  to  weave  on  the  fewest 
possible  number  of  shafts,  giving  draft  and  chain. 
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EXERCISES  FOR  PRACTICE. 

Draft  each  of  the  following-  desig-ns  on  fewest  possible  shafts 


and  S"ive  chain. 
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EXERCISES    FOR   PRACTICE. 

Make  draft  and  chain  plan  for  each  of  the  following-  desig-ns, 


giving  good  workable  drafts. 
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EXERCISES    FOR   PRACTICE. 

1  Make  ^ood  working-  drafts  and  chain  plans  for  designs 
A  and  B  and  "^supply  chain  plans  for  two  orig-inal  desig-ns  to 
weave  in  the  same  draft. 

2.  Make  one  draft  to  work  the  two  accompanying-  designs 
C  and   D  and  give  the  chain  plan  for  each. 

3.  Run  out  the  accompanying  design  E  until  complete, 
then  draft  on  28  shafts  and  give  chain  plan. 
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4.  Give  draft  and  chain  plan  to  weave  desig-n 
F  on  the  fewest  possible  shafts;  also  g"ive  chain 
plan   to  weave  it  with  draft  G. 

5.  Give  two  original  designs  and  chain  plans 
to  weave  with  draft  G. 

6.  Give  chain  plan  to  weave  design  H  with 
draft  G. 
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REEDS  AND  SETT. 

This  is  a  section  of  the  desigriing'  department  in  which  great 
diversity  of  opinion  prevails  as  to  the  manner  of  application,  and 
also  in  what  is  represented  by  the  terms  reed  and  sett.  Reeds 
are  a  series  of  narrow  strips  of  metal  between  which  the  threads 
of  the  warp  pass  in  the  loom,  the  purpose  of  the  reed  is  twofold  — 
to  keep  the  threads  evenly  divided  and  to  strike  the  filling-  at  varied 
intervals  and  [»l;ices  to  beat  it  up  into  the  position  it  has  to  take  in 
the  cloth.  The  derivation  of  the  name  is  from  the  material  used 
many  years  ago  to  form  the  narrow  strips  which  divide  the  spaces, 
splits,  split  reed,  or  dent.  The  origin  of  the  word  split,  for  dent, 
is  also  explained  by  this  allusion  to  the  original  material  used  for 
reed-making 

The  coarser  the  reed,  to  a  certain  extent,  the  easier  the  picks 
g-o  into  the  fabric.  The  finer  the  reed  the  smoother  the  goods, 
and  with  a  perfect  reed  there  will  be  fewer  reed  marks. 

Reeds  may  be  unevenly  set,  the  wires  may  not  stand  parallel 
with  the  warp,  the  wire  may  be  too  thick,  thin,  wide  or  narrow  for 
the  work  on  hand;  indeed,  a  perfect  reed  is  not  so  easily  found  as 
needed.  The  threads  in  each  dent  should  be  such  as  to  l)e  the 
same  in  each  repeat  of  the  pattern. 

Threads  running-  over  each  other  may  often  be  remedied  by  a 
different  number  of  threads  per  dent,  or  by  taking-  different 
threads  of  the  pattern  in  the  same  dent.  Some  patterns  look  best 
with  all  the  threads  of  the  same  texture  together  in  the  same  dents; 
others  are  improved  by  a  different    division. 

Reeds  are  damaged  more  by  careless  handling  and  abuse  than 
by  actual  wear  and  tear  necessary.  Flat  steel  wire  is  now  con- 
sidered the  best  material  for  reeds,  brass  and  iron  are  too  soft, 
and  once  bent  do  not  spring-   back  into  shape  or  place. 

The  term  sett  denotes  the  number  of  threads  of  warp  con- 
tained in  a  certain  space,  while  the  reed  marks  certain  divisions 
of  those  threads  in  that  space.  In  some  districts  the  reed  is  de- 
noted by  so  many  dents  on  so  many  inches,  as  example:  1050 
dents  on  35  inches.  In  other  districts  the  reed  is  known  by  dents 
on  the  }(  yard  or  nine  inches,  as  example:  270  reed,  which  means 
270  dents  on  9  inches.  The  best  plan  for  denoting-  the  reed  is  to 
take  one  inch  as  the  space  for  measurement  and  the  number  of 
dents  contained  in  that  space  forms  the  base  of  the  reed.  Ex- 
ample: No.  10  reed  requires  10  dents,  splits  or  spaces  in  one  inch. 
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When  the  threads  per  inch  are  of  an  equal  number  the  reed 
for  the  division  is  easily  found,  that  is  for  ordinary  requirements, 
I^^or  example:  say  40  threads  per  inch,  then  a  20  reed  two  in  a  dent, 
or  a  ten  reed  four  in  a  dent,  may  be  employed;  that  is,  a  reed  hav- 
ing- 20  dents  or  10  dents  per  inch,  and  each  dent  dividing-  two  or 
four  threads  respectively'.  By  this  method  the  number  of  warp 
threads  for  the  whole  chain  or  warp  is  easily  ascertained. 

Supposing-  that  the  warp  is  required  70  inches  wide  at  40 
threads  per  inch,  then  70x40=  2800  threads  in  the  warp  arc  given, 
and  so  with  any  other  number  of  reed.  The  preferable  plan  of 
obtaining  the  reed  under  any  circumstances  is  to  divide  the  total 
number  of  threads  intended  for  the  warp  by  the  number  of  inches 
it  is  to  occupy  in  the  reed,  which  gives  the  number  of  threads  per 
inch.  This  does  not,  however,  dispense  with  the  fractional  part 
of  a  thread  for  one  inch  in  all  cases,  and  the  necessit}'  for  a 
fractional  reed  to  meet  it,  but  it  has  the  merit  of  simplicity,  as 
assisting-  in  the  matter  of  calculation.  Suppose  we  require  42 
threads  per  inch  and  had  been  using  a  21  reed  two  in  a  dent,  but 
found  the  reed  too  fine,  what  reed  could  we  use  to  ])ut  four 
threads  in  a  dent — 42  ^  4  =  10;^  reed?  The  only  way  to  obtain 
an  even  number  of  threads  per  inch  is  to  construct  the  design 
accordingly,  and  apportion  the  number  of  threads  in  the  warp  so 
that  their  division  b}^  the  number  of  inches  occupied  in  the  reed 
will  give  it,  whether  2,  3,  4  or  moi"e  threads  are  intended  for  each 
division  of  the  reed. 

As  a  rule  two  threads  are  reckoned  for  each  division,  but  the 
requirements  of  design  and  the  construction  of  cloth  are  so 
various  in  the  sizes  and  counts  of  yarn,  and  the  number  of  threads 
per  inch  employed  in  the  warp,  that  the  number  of  dents  per  inch 
of  the  reed  is  dependent  upon  it.  But  the  number  of  threads  in 
the  division  of  the  reed  is  not  always  uniform — that  is,  not  always 
the  same  in  each  reed  throughout  the  whole  width  of  the  warp. 
That  depends  upon  the  pattern  to  be  woven.  For  example,  in  the 
production  of  a  stripe,  while  two  threads  in  each  dent  may  be 
required,  say  for  three-quarters  of  an  inch  space,  the  succeeding 
dents  may  require  3,  4,  5,  or  6  threads  in  them,  and  then  repeat 
with  the  two  threads,  and  so  on  throughout  the  width  of  the  reed. 
This  will  show  that  no  hard-and-fast  rule  can  be  laid  down  which 
will  give  universal  direction — or  suit  all  the  cases  which  may 
arise  according  to  the  caprice  of  design. 
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Given  the  number  of  threads  which  constitutes  the  warp,  and 
the  number  of  inches  in  the  width  those  threads  are  to  be  dis- 
tributed over,  measured  on  the  reed  with  the  number  of  threads 
for  each  dent  or  division  of  the  reed,  a  foundation  is  obtained  upon 
which  the  whole  matter  rests.  The  shrinkaire  of  the  goods  in 
weaving"  must  always  be  borne  in  mind,  and  included  in  estimates, 
allowances  for  take-up  of  yarn  in  weaving  must  be  taken  into 
account.  Arbitrary  rules  in  relation  to  these  allowances  are  of 
little  use,  there  is  much  variation  in  different  mills  and  under 
different  circumstances.  The  convenience  of  minute  records  on 
such  subjects  is  apparent. 

Reed  Calculations. 

Example  No.  1. — find  tlic  zuidih.     The  threads  in  the  warp 
and  threads  per  inch  being  known,  find  the  width  by  dividing  the 
total  number  of  threads  in  the  warp  by  the  threads  per  inch. 
2400  X  50  =  48  inches  wide. 

Example  No.  2. — Find  the  reed  and  threads  per  inch.  The 
threads  in  the  warp  and  width  being  known,  find  the  threads  per 
inch  or  reed  one  thread  in  a  dent  by  dividing  the  threads  in  warp 
by  the  width  in  inches. 

2400  -^  48  =  SO  threads  per  inch.     50  -j-  5  in  dent  =  10  reed. 

50  H-  4  in  dent  =  12>^  reed.  50  -^  2  in  dent  =  25  reed. 

Example  No.  3. — Find  the  number  of  threads  in  warp.  The 
threads  per  inch  or  reed  being  knovvn,  also  the  width  in  reed,  find 
the  number  of  threads  in  warp  by  multiplying  the  threads  per 
inch  by  the  width  in  reed.     50  x  48  =  2400  threads. 

Kxample  No.  4. — Irregnlar  reeding.  When  the  threads  in  a 
dent  are  irregular,  find  the  average  number  of  threads  per  dent 
and  inch,  by  dividing  the  number  of  threads  in  a  pattern  by  the 
dents  occupied  by  the  pattern  and  multiplying  by  the  reed. 

What  are  the  threads  per  inch  when  the  warp  is  reeded  as 
follows: — 1  dent  2  threads,  1  dent  4  threads,  1  dent  4  threads,  1 
dent  2  threads,  and  1  dent  3  threads,  15  threads  in  5  dents?     Use 
a  15  dent  reed. 
15  -i-  5  =  3  threads  per  dent  average.      15  dent  x  3  =  45  threads 

per  inch. 
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LECTURE  No.   1. 

COLOR    AS    APPLIED    TO    TEXTURE. 
Primary,  Secondary,  and  Tertiary. 

In  many  fabrics  the  colors  are  quite  as  important  as  the 
texture.  The  designer  should  therefore  acquire  a  thorough 
knowledg-e  of  the  laws  which  g^overn  color  harmony.  This  can  be 
done  only  when  the  nature  of  colors  is  thoroug-hly  understood. 

The  science  of  color  teaches  the  nature  and  causes  of  colors, 
their  distinctions,  their  relations  to  each  other,  their  classifica- 
tion, the  mental  effects  that  attend  them,  and  the  causes  and  laws 
of  harmony.  It  also  includes  the  modifications  of  colors  arising- 
from  varying-  sensibility  of  the  eye,  and  the  peculiarities  of  color 
vision  which  are  found  to  exist  in  different  individuals. 

The  science  of  color  is  very  extensive,  and  the  space  at  my 
disposal  will  only  permit  me  to  treat  of  it  briefly. 

The  harmony  of  colors,  the  influence  of  one  color  over 
another  when  placed  in  close  proximity,  are  subjects  which  can 
only  be  understood  after  much  study. 

There  are  few  objects  to  which  color  may  not  be  applied,  and 
many  articles  which  are  now  colorless,  might  be  colored  with 
advantage. 

Our  reasons  for  applying  color  to  objects  are  twofold,  which 
emphasize  its  true  use. 

First,  color  properly  applied  lends  to  objects  a  new  charm,  a 
charm  they  would  not  possess  w'ithout  it;  and,  secondly,  color 
assists  in  the  separation  of  objects,  or  parts  of  objects,  and  thus 
making  them  more  distinctive  and  giving-  assistance  to  their  form. 

While  it  is  true  color  bestows  on  objects  a  charm  such  as  they 
would  not  have  in  its  absence,  and  which  in  the  hands  of  men  of 
experience  and  knowledge  make  objects  lovable,  it  must  be 
remembered  that  the  mere  application  of  color  will  not  do  this. 
Color,  indeed,  may  be  so  applied  to  objects  as  to  render  them 
infinitely  more  ugly  than  they  were  without  it.  Knowledge, 
w'hen  correctly  applied,  will  enable  us  to  transmute  base  materials 
into  works  of  marvelous  beauty,  ing-enuity,  and  very  valuable. 

Knowledge  of  the  laws  of  art,  then,  is  the  true  philosopher's 
stone,  for  we  may  also  say  when  it  is  possessed  by  the  artist  he  is 
enabled  to  transmute  the  baser  metals  into  works  of  art,  or  w^e 
may  say  g-old. 
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But  a  little  knowledg-e  will  not  do  this.  In  order  that  we  pro- 
duce true  beauty  we  require  much  knowledge,  and  this  can  only 
be  obtained  by  dilig^ence,  and  surely  the  end  to  be  g^ained  is  worth 
plodding-  and  toiling  for.  The  Second  object  of  color  is  that  of 
assisting  in  the  separation  of  form.  If  objects  are  placed  near  to 
one  another,  and  are  all  of  the  same  color,  the  beholder  will  have 
more  difficulty  in  seeing  the  boundaries  or  terminations  of  each 
than  he  would  were  they  variously  colored,  he  would  have  to  come 
near  to  them  in  order  to  see  their  limits.  Thus  color  assists  in 
the  separation  of  form. 

This  quality  which  color  has  of  separating  forms  is  often  lost 
sight  of,  causing  considerable  trouble  in  textile  manufacture. 
The  designer  must  not  lose  sight  of  the  fact  that  color  is  the 
means  by  which  we  render  form  apparent.  Colors,  when  placed 
together,  can  only  please  and  satisfy  the  educated  when  combined 
harmoniously,  or  according  to  the  laws  of  harmony.  What,  then, 
are  the  laws  which  govern  the  arrangement  of  color,  and  how  are 
they  applied? 

I  shall  endeavor  to  answer  these  questions  by  making  a  series 
of  statements  in  axiomatic  form,  and  then  enlarge  upon  them. 

1.  Regarded  from  an  art  point  of  view  there  are  but  three 
colors — blue,  red,  and  yellow. 

2.  Blue,  red,  and  3'ellow  have  been  termed  primary  colors, 
as  they  cannot  be  formed  by  the  admixture  of  any  other  colors. 

3.  All  colors  other  than  blue,  red,  and  yellow  result  from  the 
admixture  of  the  primary  colors. 

4.  By  the  admixture  of  blue  and  red,  violet  is  formed. 

,,     ,,  ,,  ,,  red  and  yellow,  orange. 

,,     ,,  ,,  ,,  yellow  and  blue,  green. 

5.  Colors  resulting  from  the  admixture  of  two  primary 
colors  are  termed  secondary,  hence  violet,  orange  and  green  are 
secondary  colors. 

f).  By  the  admixture  of  two  secondary  colors  a  tertiary  color 
is  formed.  Thus  violet  and  orange  produce  russet,  the  red 
tertiary;  green  and  violet  produce  olive,  the  blue  tertiary.  Russet, 
citrine,  and  olive  arc  the  three  tertiary  colors. 

7.  When  a  light  color  is  juxtaposed  to  a  dark  color  the  light 
color  appears  redder  than  it  actually  is,  and  the  green  greener, 
and  when  blue  and  black  are  juxtaposed  the  blue  manifests  but 
little  alteration,  while  the  black  assumes  an  orange  tint  or 
becomes  "  rusty." 
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9.  No  one  color  can  be  viewed  by  the  eye  without  another 
being-  created.  Thus,  if  red  is  viewed  the  eye  creates  for  itself 
green,  and  this  g^reen  is  cast  upon  whatever  is  near.  If  it  is 
g-reen  that  is  seen,  red  is  in  like  manner  created  and  cast  upon 
adjacent  objects;  that  is,  if  red  and  green  are  juxtaposed  each 
creates  the  other  in  the  eye,  and  the  red  created  by  the  green  is 
cast  upon  the  red,  and  the  green  created  by  the  red  is  cast  upon 
the  green.  This  explains  the  reason  why  the  red  and  green 
appear  brighter  by  being  juxtaposed.  The  eye  also  demands  the 
presence  of  the  three  primary  colors,  either  in  their  purity  or  in 
combination,  and  if  these  are  not  present,  whatever  is  deficient 
will  be  created  in  the  eye,  and  this  induced  color  will  be  cast  upon 
whatever  is  near.  Thus,  when  we  view  blue,  orange,  its  compli- 
mentary color,  which  is  a  mixture  of  red  and  yellow,  is  created  in 
the  eye,  and  this  orange  color  is  cast  upon  whatever  is  near.  If 
black  is  in  juxtaposition  with  the  blue,  this  color  (orange)  is  cast 
upon  it,  and  gives  to  it  an  orange  tint,  thus  causing  it  to  look 
"rusty." 

10.  In  like  manner,  if  we  look  upon  red,  green  is  formed  in 
the  eye,  and  is  cast  upon  adjacent  colors;  or,  if  we  look  upon 
yellow,  violet  is  formed. 

11.  Harmony  results  from  an  agreeable  contrast. 

12.  Colors  which  perfectly  harmonize  improve  one  another, 
and  are  seen  in  perfection. 

13.  In  order  to  perfect  harmony  the  three  colors  arc  neces- 
sary, either  in  their  purity  or  in  combination. 

14.  Red  and  green  combine  to  yield  a  harmony.  Red  is  a 
primary  color,  and  green,  which  is  a  secondary  color,  consists  of 
yellow  and  blue,  the  other  two  primary  colors.  Blue  and  orange 
also  produce  a  harmony,  the  red  and  yellow  primary  colors  being 
present,  and  yellow  and  violet  produce  a  harmony,  the  blue  and 
red  primary  colors  being  present. 

15.  The  primary  colors  in  perfect  harmony  produce  exact 
harmonies  in  the  proportions  of  8  parts  of  blue,  5  of  red,  and  3 
of  yellow.  The  secondary  colors  harmonize  in  the  proportions 
of  13  of  violet,  11  of  green,  and  8  of  orange.  The  tertiary  colors 
harmonize  in  the  proportions  of  olive  24,  russet  21,  and  citrine  19. 

16.  There  are,  however,  subtleties  of  harmony  which  are 
difficult  to  understand. 

17.  The  rarest  harmonies  frequently  lie  close  on  the  verge 
of  discord. 
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18.  Harmon}^  of  color  is  in  many  respects  analogous  to 
harmony  of  musical  sounds. 

19.  Qualities  of  colors.  Blue  is  a  cold  color,  and  appears  to 
recede  from  the  eye. 

20.  Red  is  a  warm  color,  is  exciting",  and  remains  stationary 
as  to  distance. 

21.  Yellow  is  the  color  most  nearly  allied  to  light.  It 
appears  to  advance  toward  the  spectator. 

22.  At  twilight  blue  appears  much  lighter  than  it  is,  red 
much  darker,  and  yellow  slightly  darker.  By  ordinary  gaslight 
blue  becomes  darker,  red  brighter,  and  yellow  lighter.  By  this 
artificial  light  a  pure  yellow  appears  lighter  than  white,  when 
viewed  in  contrast  with  certain  other  colors.  By  electric  light 
assume  twilight. 

23.  By  certain  combinations  color  may  make  gladness  or 
depression,  and  in  certain  combinations  may  affect  the  mind  as 
music  does. 

24.  Teachings  of  experience.  When  a  color  is  placed  on  a 
gold  ground  it  should  be  outlined  with  a  darker  shade  of  its  own 
color. 

25.  When  a  gold  ornament  falls  on  a  colored  ground  it 
should  be  outlined  with  black. 

26.  When  an  ornament  falls  on  a  ground  which  is  in  direct 
harmony  with  it,  it  must  be  outlined  with  a  lighter  tint  of  its  own 
color.  Thus,  when  a  red  ornament  falls  on  a  green  ground  it 
should  be  outlined  with  lighter  red. 

27.  When  the  ornament  and  the  ground  are  in  two  tints  of 
the  same  color,  if  the  ornament  is  darker  than  the  ground  it  will 
require  outlining  with  a  still  darker  tint  of  the  same  color,  but  if 
lighter  than  the  ground  no  outline  will  be  required. 

28.  The  surest  and  readiest  method  of  acquiring  a  practical 
knowledge  of  colors  and  their  effects  in  textile  fabrics  is  to 
analyze  a  large  collection  of  samples. 

Fashion  controls  the  designer  to  a  great  extent,  and  fashion 
moves  in  cycles. 

Exhaustive  collections  of  the  most  fashionable  colors  and 
combinations  of  each  season,  with  a  proper  record  of  particulars, 
will  not  only  add  to  one's  stock  of  knowledge,  but  anyone  who  is 
at  all  observant  will  after  a  while  be  enabled  to  anticipate  coming 
demands  of  fashions  with  considerable  accuracy. 

The  value  of  this  ability  needs  no  comments.  Every  designer 
has  suffered  more  or  less  from  a  lack  of  it,  both  in  himself  and  in 
those  who  assume  the  control  of  the  patterns  in  the  market. 
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LECTURE   No.  2. 

COLOR  OF   THE   SPECTRUM. 

Treated  scientifically,  the  six  colors  of  the  spectrum  are 
taken  as  colors,  and  all  variations  in  tints,  shades  and  hues  are 
considered  modifications  of  these  six  colors:  Red,  Orang-e,  Yel- 
low, Green,  Blue,  Violet. 

These  are  referred  to  by  different  writers  as  standard  spec- 
tral, positive,  pure,  full  and  saturated  colors.  The  name  normal 
is  g-enerally  accepted  as  it  expresses  the  natural  condition  of 
color  when  affected  by  lig-ht. 

A  standard  color,  or  a  positive  may  be  a  brown,  straw,  or 
even  a  gray,  which  is  composed  of  black  and  white  or  any  other 
color  which  is  accepted  as  the  typical  color  of  a  series. 

Tone  covers  the  entire  scale  of  color,  from  the  darkest  shade 
to  the  lightest  tint.  So  in  a  perfect  scale  of  tones,  the  grading- 
from  one  shade  or  from  one  tint  to  another  would  be  so  slight 
as  to  be  almost  imperceptible,  and  would  end  in  white  in  one 
direction  and  in  black  in  the  other. 

Tones  are  produced  by  adding  white  or  black  to  the  normal 
color. 

Tint  is  a  tone  of  a  color  lighter  than  the  normal.  A  tint  is 
produced  by  adding  white  to  the  normal  color. 

Shade  is  a  tone  of  a  color  darker  than  the  normal.  A  shade 
is  produced   by  adding  black  to  the  normal  color. 

Tints  are  lighter,  shades  are  darker  than  the  normal  color. 
Tints  and  shades  constitute  the  whole  range  of  tones. 

Hue.  This  term  is  applied  to  a  color  when  the  normal  color 
has  been  modified  or  changed  by  the  addition  of  another  normal 
color.  Thus,  if  a  small  portion  of  blue  is  added  to  red  or  mixed 
with  it,  we  should  have  a  blue  red,  which  is  a  hue  of  red;  if  a 
little  green  is  added  to  blue,  the  result  would  be  a  green  blue. 
The  last  name  indicates  the  normal  color  in  the  scale  and  the 
first  name  is  the  color  added. 

Broken  colors  are  the  normal  colors  dulled  more  or  less  by 
the  addition  of  a  gray. 

Value  is  the  luminous  intensity  of  a  color  tone  or  hue,  as  it 
stands  in  relation  to  other  colors,   tones  or  hues. 

Unit  of  color.  In  colored  work  the  basis  of  comparison  is 
generally  white.  (Many  artists,  when  sketching,  put  a  slip  of 
white  paper  upon  some  object  in  the  foreground,  as  a  basis  of 
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comparison  in  determining-  the  tones  and  hues  of  the  various 
colors  in  the  scene  they  may  be  painting-.)  In  textile  desig-ning, 
the  basis  of  comparison  is  a  bleached  white. 

Keeping  the  v^alues  of  the  composition,  means  having  a  har- 
monious balance  of  tone  or  intensity  of  the  different  colors  used, 
so  that  the  combined  effect  will  not  be  injured  by  an  excess  of 
any  particular  color.  Take,  for  example,  a  light  blue  and  a  pink 
will  combine  and  harmonize,  as  far  as  values  are  concerned. 
Pink  is  a  red  tint,  but  an  equal  quantity  of  lig-ht  blue  and  a 
normal  red  would  not  harmonize  in  value  because  the  g-reater 
intensity  of  the  red  would  overpower  the  light  blue.  When 
the  intensities  differ,  the  quantities  must  also  differ. 

It  is  very  seldom  that  equal  quantities  of  two  or  more  colors 
can  be  used  in  a  combination,  when  we  desire  to  produce  a  har- 
monious effect. 

Potentiality  is  the  power  of  a  tone,  hue  or  color  to  affect 
other  tones,  hues  or  colors,  when  associated  with  them.  The 
potentiality  or  combining"  influence  of  the  six  normal  colors,  is 
yellow,  orang-e,  red,  green,  blue,  violet. 

Scaling-  is  the  arrangement  of  colors  in  the  order  of  their 
intensity.  Scaling-  may  be  by  tones,  hues  and  colors,  or  by  these 
combined.  The  scale  of  the  normal  colors  consists  of  their 
regular  spectrum  arrang-ement:  Red,  orange,  yellow,  g-reen, 
blue,  violet.  A  scale  of  tones  would  be,  lighter  blue,  light  blue, 
blue,  dark  blue,  and  darker  blue. 

The  term  tone  covers  all  the  variations  of  a  color  that  can 
be  produced  by  adding  black  or  white  to  the  normal  color,  but 
only  one  of  these  may  be  added,  otherwise  it  becomes  a  broken 
color. 

A  scale  of  hues  consists  of  a  normal  color  and  its  hues, 
violet  red,  red,  orang-e  red.     This  is  called  scale  of  hues  of  red. 

Luminous  colors  are  those  that  reflect  lig-ht  in  large  quan- 
tities. These  are  yellow,  orang-e,  red  and  green.  Yellow  is  the 
most  luminous  of  the  colors. 

Warm  colors.  Red,  orang-e  and  yellow,  and  the  hues  in 
which  they  predominate,  are  called  warm  colors.  Orang-e  is 
the  warmest  of  these  colors. 

Green,  blue,  and  pale  violet,  and  the  hues  in  which  they 
predominate,  are  called  cool  colors. 
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LECTURE  No.  3. 

NEUTRAL   COLORS. 

The  efifect  of  these  tints  and  colors  is  most  important. 
Suppose  we  have  alternate  stripes  of  red  and  g-reen,  or  if  we 
have  red  fig-ures  on  a  green  ground,  or  vice  versa,  the  eye  could 
not  rest  long  upon  them  without  experiencing  an  unpleasant 
sensation;  the  two  colors  would  begin  to  swim  (blur  into  each 
other,  as  it  were,)  and  the  longer  the  eye  rests  upon  them  the 
stronger  and  more  unpleasant  will  this  blurring  sensation 
become,  but  if  the  two  colors  be  separated  by  black  or  white, 
or  some  tertiary  or  neutral  oolor,  then  this  blurring  sensation 
will  be  entirely  prevented,  and  yet  perfect  harmony  will  result. 

In  the  same  manner,  if  blue  and  orange  be  laid  side  by  side, 
the  blurring  sensation  will  result,  but  it  may  again  be  pre- 
vented by  the  introduction  of  neutral  colors.  If  violet  and  yellow 
are  placed  together  the  effect  is  not  quite  so  unpleasant,  because 
the  two  colors,  although  complimentary  colors,  are  more  nearly 
allied  to  darkness  and  light  respectively. 

Yet  even  in  this  case  the  effect  is  much  improved  by  the 
presence  of  tertiary  or  neutral  colors.  Therefore,  at  all  times, 
colors  which  are  complimentary  to  each  other,  should  either  be 
present  in  subdued  form  or  separated  from  each  other  by  the 
presence  of  a  neutral  color. 

In  addition  to  this  quality  of  modifying  the  effect  of  com- 
plimentary colors,  neutral  colors  also  possess  the  property  of 
modifying  the  effect  upon  other  colors  possessing  the  same 
common  element.  As  has  been  shown,  colors  placed  side  by 
side  have  the  effect  of  detracting  from  each  other,  but  if  sepa- 
rated by  black  or  white,  or  by  neutral  colors,  this  mutual  detrac- 
tion is  prevented  or  modified.  If,  for  example,  we  place  blue 
and  green  together,  one  color  will  partly  destroy  the  other,  and 
the  point  of  junction  of  the  two  will  scarcely  be  discernable; 
but  if  we  separate  the  two  by  either  a  black  or  white  line,  the 
effect  is  materially  improved.  In  the  same  manner  we  may  deal 
with  red  and  orange,  or  with  any  other  two  powerful  or  bright 
colors,  and  the  result  will  be  invariably  the  same. 

In  speaking  of  neutral  colors  the  peculiar  properties  of  gold 
should  be  pointed  out. 

Although  the  appearance  of  gold  is  decidedly  yellow,  yet  it 
is  one  of  the  most  neutral  colors.     Not  only  does  it  harmonize 
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with  any  or  all  colors,  but  it  modifies  the  effect  of  any  two 
colors,  or  composition  of  color  upon  each  other.  It  is  for  this 
property  as  much  as  for  richness  that  g-ilded  frames  are  pre- 
ferred for  pictures,  the  richness  and  neutrality  of  gold  not  only 
tending-  to  improve  the  effect  of  the  coloring  of  the  picture,  but 
at  the  same  time  effectually  preventing  the  interference  of  any 
surrounding  colors. 

Gold  is  a  color  which  is  very  rarely  used  in  textile  fabrics, 
yet  it  may  sometimes  be  used  with  advantage,  bearing  in  mind 
this  peculiar  property. 


LECTURE   No.  4. 

COMBINATION    OF    COLORS. 

Red  and  blue,  in  small  quantities,  is  a  useful  combination, 
but  if  used  in  large  quantities  is  considered  bad  taste  and  in- 
elegant. The  red  assumes  a  bluish  cast,  or  what  is  termed 
crimson.     The  blue  takes  upon  itself  a  greenish  cast. 

Red  and  yellow.  This  combination  is  bright  and  cheerful, 
but  very  powerful;  be  careful  in  using  this  combination.  The 
red  appears  scarlet,  the  yellow  assumes  a  greenish  cast. 

Yellow  and  blue.  Each  color  increases  in  luminosity,  lustre, 
and  depth.  Yellow  and  blue  being  contrasting  colors,  they  do 
not  suffer  much  change  in  hue  by  association,  one  color  in  such 
combinations  gives  precision  to  the  qualities  of  the  other. 

Red  and  green.  Red  appears  exceedingly  bright  and  cheer- 
ful, the  lustre  and  fullness  of  hue  is  emphasized.  The  green 
appears  softer  and  cooler,  that  is,  the  coolness  and  softness  of 
hue  is  emphasized.  Red  and  green  are  complimentary  colors; 
they  also  give  precision  to  the  qualities  of  the  other. 

Red  and  violet.  Red  becomes  more  scarlet,  and  takes  upon 
itself  a  yellowish  cast.  The  violet  becomes  greenish;  this  com- 
bination is  not  good,   but  very  inelegant. 

Red  and  orange  is  a  very  warm  and  powerful  blend;  great 
care  should  be  used  with  this  combination.  The  red  becomes 
more  violet,   the  orange  becomes  yellowish. 

Yellow  and  violet.  This  is  a  most  beautiful  combination, 
warm  and  potent.  Both  colors  gain  in  lustre  or  luminosity  and 
strength.     This  is  a  perfect  or  complete  contrast. 
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Blue  and  orang-e.  Both  hues  are  increased  by  association. 
Recommend  caution  in  usin«-  this  blend. 

Orang-e  and  green.  This  is  a  very  strong  contrast;  orange 
appears  scarlet,  and   the  green  somewhat  of  a  violet  cast. 

Violet  and  green.  This  is  not  a  very  pleasing-  combination, 
although  much  used.  The  violet  assumes  a  reddish  cast,  while 
the  g-reen  appears  of  a  yellowish   cast  and   much  flatter  in  tone. 

Violet  and  orange.  This  is  always  considered  a  very  elegant 
and  effective  combination.  The  violet  is  slig-htly  greener,  and 
the  orange   becomes  more  luminous  or  vellovvish. 


LECTURE  No.  5. 

REVIEW    OF     COLORS. 
Definition. 

Color  is  a  visual  sensation,  caused  by  waves  of  incomplete 
light  acting-  upon  the  eye. 

Prismatic  colors,  white  lig-ht,  that  is  sunlig-ht,  is  composed  of 
various  colors,  as  is  easily  shown  by  placing-  a  prism  in  the  path 
of  a  small  beam  of  sunlight.  The  prism  separates  the  different 
colors  that  compose  white  lig-ht,  and  produces  what  is  known  as 
the  prismatic  or  solar  spectrum,  the  colors  of  which  we  have 
placed  under  the  head  of  normal  colors.  Red,  orang-e,  yellow, 
green,  blue  and  violet,  these  colors  are  the  same  and  their  arrange- 
ment is  in  the  same  order  as  in  the  rainbow.  The  three  primary 
colors  are  red,  blue,  and  yellow.  The  secondary  colors  are 
produced  by  the  admixture  of  two  primaries.  The  admixture  of 
the  secondary  colors  produce  the  three  tertiaries. 
Red  and  Blue  Produce  Violet 
Red  and  Yellow  ,,  Orang-e 

Blue  and  Yellow         ,,  Green 

Orang-e  and  Green     ,,  Citrine 

Violet  and  Green        ,,  Olive 

Orange  and  Violet     ,,  Russet 

REVIEW  OF  COLORS. 

Red,  when  placed  in  juxtaposition  with  g-rccn,  increases  its 
intensity,  g-reen  also  increases  the  intensity  of  red.  Normal  red 
differs  very  little  from  that  of  a  ripe  red  cherry. 


120  DESIGN  TEXTS. 


Orange^  next  to  red,  is  one  of  the  most  pleasing  colors, 
its  complimentary  color  is  a  greenish  blue. 

Tellow  in  the  decorative  arts  is  almost  always  represented 
by  gold.  In  moresque  art,  where  yellow  is  used  extensively, 
gold  is  almost  always  employed  instead  of  the  yellow  pigment, 
the  complimentary  color  to  yellow  is  violet  blue. 

Green.  During  part  of  the  year  green  is  the  most  prevalent 
color  in  nature,  and  it  is  much  more  pleasing  in  nature  than  it 
is  in  art  and  dress.  Many  of  the  so-called  greens  in  nature, 
however,  incline  more  towards  yellow  than  green,  and  experi- 
ments in  out  of  door  sketching  soon  convinces  the  painter  that 
things  are  not  as  green  as  they  seem.  For  general  use  the 
subdued  greens,  those  approaching  the  grays  and  yellows,  are 
more   satisfactory  than  the   brighter  ones. 

Green  is  the  complimentary  color  of  red,  blue  is  classed  as 
a  restful  color,  also  a  receding  and  a  cool  color.  It  is  unob- 
trusive wherever  used.  Light  blue  resembles  white,  dark  blue 
has  the  reverse  effect  and  approaches  black  more  nearly  than 
any  other  color.     The   complimentary  color  is  orange. 

Violet.  This  color  varies  little  from  purple,  being  but  slightly 
bluer  in  hue.  In  pigmentary  colors  it  is  produced  by  mixing  red 
and  blue.  Violet  is  a  color  that  is  more  easily  managed  in  com- 
bination than  some  of  the  other  colors,  and  is  very  often  used  in 
dress  when  subdued  in  tone  and  hue.  Combinations  which  are  con- 
sidered allowable:  Violet  and  yellow  green,  violet  and  orange 
yellow,  violet,  orange  and  green,  violet,  gold  and  gray.  Violet 
also  harmonizes  with  several  other  colors  when  more  than  two 
enter  into  the  combination.  Violet  does  not  combine  with  red 
and  purple,  blue  and  violet  is  a  bad  combination. 

Light  red  is  any  tone  of  red  that  is  lighter  than  the  normal 
color.  Complimentary  color  of  red  is  blue  green,  so  a  tint  of 
blue  green  will  harmonize  with  light  red. 

Light  orange  is  one  of  the  common  colors  in  nature,  the 
sky  is  often  streaked  with  it  in  the  morning,  and  tinted  with 
it  in    the   evening. 

Light  ycHozv  is  any  tint  of  yellow  that  is  lighter  than  the 
normal  color.  The  most  beautiful  tints  of  yellow  may  be  seen 
in  the  sky  at  sunrise  and    sunset. 

Light  green.  Nature  furnishes  a  great  variety  of  greens, 
most  of  them,  however,  arc  lighter  than  the  normal  green,  and 
incline    towards    vellow    in    hue.      The    most    valuable   office   of 
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green  is  to  g-ive  brilliancy  to  a  design.  It  combines  well  with 
gold,  but  is  seldom  agreeable  when  used  in  combination  with 
several  different  colors.  A  light  green  pattern  upon  a 
dark  ground  will  be  found  pleasing  in  effect,  the  reverse  ar- 
rangement is  not  satisfactory.  Green  is  a  color  that  is  difficult 
to  handle  in  large  masses,  and  it  needs  other  colors  to  assist 
in  producing  a  harmonious  effect.  A  light  green,  or  grayish 
green,  however,  usually  looks  better  in  large  masses  if  used 
alone,  or  with  simply  a  stripe  or  border  of  a  darker  tone  of  the 
same  color.  A  subdued  green  fatigues  the  eye  the  least  of  any 
of  the  colors. 

Light  blue  is  a  restful  and  retiring  color,  it  has  the  effect 
of  making  objects  appear  more  distinct  than  they  are,  this  is 
why  it  enters  largely  into  the  decoration  of  ceilings  and  small 
rooms,  it  is  one  of  the  cool  colors  which  puts  it  in  demand  for 
summer  draperies. 

White  forms  an  agreeable  harmony  with  blue,  without  the 
assistance  of  other  colors.  The  tints  of  blue  and  those  that 
incline   towards  light  gray  in    tone  are  very  pleasing. 

Light  violet.  Violet  is  a  variety  of  purple,  it  is  said  to  be 
a  red  graduated  with  blue,  while  in  violet  the  red  and  blue  are 
equally  blended. 

Dark  red.  The  variations  of  a  color  that  are  produced  by 
adding  red  or  black  to  the  pure  color  are  its  different  tones. 
Dark  red  is  a  tone  of  red  that  is  darker  than  the  normal  red. 
There  is  no  limit  where  a  darkened  color  ceases  to  be  the  shade 
of  that  color  until  the  effect  of  the  color  is  entirely  lost  and  black 
is  reached. 

Dark  orange  that  inclines  towards  red  is  called  a  deep  orange 
or  red  orange,  but  when  it  is  simply  darkened  either  by  the 
absence  of  light  or  by  the  addition  of  black,  it  is  a  shade  of 
orange,  in  its  darker  shades  it  forms  a  pleasing  combination 
with  the  hues  of  subdued  yellow,  especially  when  a  stripe  or 
small  figures  of  black   forms  part  of  the  design. 

Dark  yellow.  Comparing  it  with  other  yellows  it  will  be 
found  less  luminous  than  the  normal  yellow,  and  not  so  red  in 
hue  as  the  normal  orange. 

Red  orange  is  nearly  the  color  of  scarlet.  Among  the  many 
pleasing  combinations  of  color  met  with  in  designs:  Red  and 
orange,  blue  and  gold,  red  orange  pattern  upon  a  light  orange 
yellow  gi'ound  enlivened  with  a  light  blue  sparingly  used. 
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Green  yellow.  This  is  a  hue  of  yellow,  being-  produced  in  the 
pig-mentary  colors  by  the  addition  of  a  little  green  to  yellow. 
It  is  one  of  the  retiring  restful  colors,  and  for  that  reason  it 
forms  an  excellent  backsfround  in  decoration  to  bring-  out  the 
effects  of  orange,   red  and  violet,  of    which  it  is  the  opposite. 

Yellow  green  is  the  chief  color  of  nature  in  early  spring. 
In  autumn  the  greens  that  were  so  intense  in  summer,  are  again 
subdued  with  yellow.  Although  yellow  green  is  a  strong  color, 
it  has  been  used  more  successfully  and  more  generally  than 
pure  g-reen. 

Green  blue  is  not  a  very  common  color,  it  is,  however,  used 
in  decoration  and  dress  g-oods  to  quite  an  extent,  especially  when 
it  is  subdued  by  association  with  some  other  color. 

Tone  is  the  intensity  of  a  color  or  hue.  It  may  be  of  any 
intensity  between  white  and  black. 

A  tint  is  a  tone  of  a  color  that  is  lig-hter  than  its  normal  or 
standard  tone. 

A  shade  of  a  color  is  a  tone  that  is  darker  than  its  normal  or 
standard  tone. 

The  tints  and  shades  of  the  light  or  prismatic  theory  are 
produced  by  increased  or  diminished  illumination. 

The  tints  and  shades  of  the  pigmentary  colors  are  produced 
b}'  the  addition  of  white  or  black  to  the  normal  colors. 
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LECTURE  No,  6. 

ANALYTICAL  TABLE  OF  COLORS. 

It  has  been  found  that  the  primary  colors  in  perfect  purity 
produce  exact  harmonies  in  the  proportion  of  8  parts  of  blue,  5 
parts  of  red,  and  3  parts  of  yellow.  That  the  secondary  colors 
harmonize  in  the  proportions  of  13  violet,  11  g-reen,  and  8  orang-e, 
and  that  the  tertiary  colors  harmonize  in  the  proportions  of  24 
olive,  21  russet,  and  19  citrine. 

The  fig^ures  which  follow  the  colors  represent  the  proportions 
in  which  they  harmonize. 

Primary — Blue  8,  red  5,  yellow  3. 

Secondary — Violet  13,  green  11,  orang"e  8. 

Tertiary — Olive  24,  russet  21,  citrine  19. 

PRIMARY.  SECONDARY.  TERTIARY. 


Red 
Ye 


now  si^**^^^^  ^1 

Blue  8  )  ^  . ,   r 

Yellow  sf^*"^^"  l^J 

Blue  8  1^..,,  n  T 

Red  ^\^^o]et  13] 


Citrine  or  yellow  tertiary,  19. 


Red  5  } 

Yellow 

Yellow 
Blue         8 


Russet,  or  red  tertiary,  21. 


-  Orano-e      8 


H  Green       111 


Blue         8  } 
Red  5  i 


)■  Olive,  or  blue  tertiary,  24. 


Violet       13 
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DIAGRAMS  OF  HARMONY. 

Blue   8 


Red 


Primary 


Yellow  3 


Violet  13 


Red  5 


Blue  8 


Green  11 


Secondary 


Yellow  3 


Green  11 


Violet  13 


Secondary 
Orange  8 


Olive  24 


Green  11 


Violet  13 


Citrine   V) 


Russet  21 

Tertiary 
Orang-c  8 
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When  two  colors  are  to  produce  a  harmony,  the  one  will  be  a 
primary  color,  and  the  other  a  secondary  formed  of  the  other  two 
primaries  (as  noted  in  our  first  lecture,  the  presence  of  the 
three  primary  colors  is  necessary  to  a  harmony;,  or  the  one  will 
be  a  secondary  color  and  the  other  a  tertiary  color  formed  of  the 
two  remaining-  secondary  colors. 

PKIMAKY.  SECONDAKV. 

Red  harmonizes  with  Green — composed  of  Blue  and  yellow 
Yellow     ,,  ,,     Violet  ,,  ,,  Blue    ,,     red 

Blue  ,,  ,,     Orang-e  ,,  ,,  Red     ,,     yellow 

SECONDARY.  TEKTIAKV. 

Purple      ,,  ,,     Citrine  ,,  ,,  Green  and  orange 

Blue  and  red  Yellow  ,,    yellow 

Blue        ,,    red 

Green 
Blue  &  yellow  ,,  ,,     Russet  ,,  ,,   Violet  and  orange 

Red  blue  ,,  red  yellow 

Orang-e 
Red  &  yellow  ,,  ,,     Olive  ,,  ,,  Violet  and  g-rcen 

Red        ,,     yellow 
Blue       ,,     blue 
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PROBLEM    1. 

Block  or  checker  board  effect.     16  threads  x  16  picks. 
Section  A.   8  threads     8  picks  Al. 

8         ,,  8       ,,      Al.     Commence  with  the  2d  thread  of  this 

—  weave. 

16 
Section  B.   8         ,,  8       ,,       Al.     Commence  with  the  2d  thread. 

8         ,,  8      ,,       Al. 

16 
NoTK.     Mark  the  weave  Al,  commencing-  with   the  2d  thread,   with  red. 
Scheme  or  arrangement  of  warp.       1  thread  dark  color,   1    thread    light 
color. 

Scheme  or  arrangfement  of  filling.     1  pick  dark  color,  1  pick  light  color, 

PROBLEM  2. 

Stripe  for  Woolen,  Worsted,  or  Cotton.     24  threads  x  12  picks. 
Section  A.     6  threads     12  picks     Bl. 


B. 

3 

12      ,, 

B2. 

C. 

6 

12      ,, 

Bl. 

D. 

3 

12     ,, 

B2. 

E. 

6        ,, 

12      ,, 

Bl. 

Note.     Mark  the  weave  B2  with  red. 

Arrangement  of  warp.  2  lavender,  1  black  and  orange,  1  black  and 
green,  2  lavender,  3  slate,  6  lavender,  3  slate,  2  lavender,  1  black  and  green, 
1  black  and  orange,  2  lavender. 

Arrangement  of  filling.     All  black,  or  dark  color. 

PROBLEM  3. 

Stripe  for  Woolen,  Worsted,  or  Cotton.     24  threads,  8  picks. 
Section  A.     8  threads     8  picks  CI. 

B.  4         ,,  8      ,,       C3.     Commence   with    the    3d  thread  and 

twill  to  left. 

C.  4         ,,  8      ,,      CI. 

D.  4         ,,  8      ,,       C3.     Commence    with    the   3d   thread  and 

twill  to  left. 

E.  4         ,,  8      ,,       CI. 
Note.     Mark  weave  3C  with  red. 

Arrangement  of  warp.  4  drab,  2  brown,  2  drab,  2  brown,  2  drab,  4 
brown,  4  drab,  4  brown.     Filling,  all  brown. 

PROBLEM  4. 

Check  for  Woolen  or  Worsted.     40  threads  x  40  picks. 
Section  A.     20  threads     20  picks     D9.     Commence  with  the  5th  pick. 

20         ,,  20     ,,  D8. 

40 

B.     20         ,,  40    ,,         D9.     Commence  with  the  5th  pick. 

Note.     Mark  Dy  with  red. 
Warp,  all  olive.     Filling,  all  dark  brown. 

PROBLEM  5. 

Fancy  weave  stripe  trousering.     48  threads  x  18  picks. 
Section  A.     48    threads     18  picks  E113.     Commence  with  the  5th  thread 

and  twill  to  the  left. 
B.     48         ,,  18       ,,       E6. 

Note.     Mark  E6  with  red. 

Arrangement  of  warp.     1  brown,  22  drab,  2  brown,   22  drab,   1    brown. 
Filling.     All  brown. 
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PROBLEH  6. 

Stripe  for  Woolen,  Worsted,  and  Cotton.     24  threads  x  12  picks. 
Section  A.     12  threads     12  picks  Bl. 

B.  6         ,,  6       ,,      B2. 

6         ,,  6       ,,       Bl.     Twill  to  left. 

C,  6         ,,  6       ,,      Bl. 
6         ,,  6       ,,      B2. 

Note.     Mark  B2  red.     Mark  6th  and  7th  threads  blue. 

Arranj^'ement  of  warp.     5  threads  slate,  1  thread  black  and  scarlet  twist, 
1  thread  black  and  green  twist,  17  threads  slate. 
Arrangement  of  filling.     All  black. 

PROBLEn  7. 

Stripe  for  Woolen,  Worsted,  or  Cotton.     24  threads  x  8  picks. 
Section  A.     4  threads     8  picks  C2. 

B.  8         ,,  8     ,,        C2.     Commence  witii    the    2d  thread    and 

—  twill  to  left. 

C.  4         ,,  8     ,,        C2. 

D.  8         ,,  8     ,,        Cll.     Commence  with  the  2d  thread. 

Note.     Mark  Cll  with  red.     Mark  the  5th  and  12th  threads  blue. 
Arrangement  of  warp.     4  threads  lavender,  1  thread  black  and  green,   6 
threads  lavender,  1  thread  black  and  orange,  12  threads  lavender. 
Arrangement  of  filling.     All  dark  olive. 

PROBLEn  8. 

P^ancy  check  for  Woolen  or  Worsted.     48  threads  x  48  picks. 

Section  A.     24  threads     24  picks  C2. 

24       ,,  12       ,,       C5.      Commence  with  the  4th  thread  and 

twill  to  the  left. 
24       ,,  12       ,,       CI.      Twill  to  left. 

B.  12       ,,  36       ,,       C5.     Commence  with  the  4th  thread  and 

twill  to  the  left. 
12       ,,  12       ,,       CI.     Twill  to  left. 

C.  12       ,,  48       ,,      CI.     Twill  to  left. 
Note.     Mark  C5  green.     Mark  IC  red. 

Warp,  all  lavender.     Filling,  all  brown. 

PROBLEn  9. 

Check  for  Woolen,  Worsted,  or  Cotton.     48  threads  x  48  picks. 
Section  A.     6  threads     36  picks  Bl. 


6       ,, 

6     ,, 

B2. 

6       ,, 

6     ,, 

48 

Bl. 

Twill  to  left. 

6       ,, 

36     ,, 

Bl. 

6       ,. 

6     ,, 

Bl. 

Twill  to  left, 

6       ,, 

6     ,, 

B2. 

48 
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6  threads     36  picks  Bl. 


6       ,, 

6     „ 

B2. 

6       ,, 

6     „ 

48 

Bl. 

Twill  to  left, 

6       ,, 

36     ,, 

Bl. 

6       ,, 

6     ., 

Bl. 

Twill  to  left. 

6       „ 

6     ,, 

48 

B2. 

6       ,, 

36     ,, 

Bl. 

6       ,, 

6     ,, 

B2. 

6       ,, 

6     ,, 

48 

Bl. 

Twill  to  left. 

6       „ 

36     ,, 

Bl. 

6       ,, 

6     ,, 

Bl. 

Twill  to  left. 

6       ,, 

6     ,, 

48 

B2. 

6       ,, 

6     ,, 

B2. 

6       ,, 

6     ,, 

Bl. 

Twill  to  left. 

<'       ,, 

6     ,, 

B2. 

6       ,, 

6     ,, 

Bl. 

Twill  to  left. 

6       ,, 

6     ,, 

B2. 

6 

6     ,, 

Bl. 

Twill  to  left. 

6       ,, 

6     „ 

B2. 

6       ,, 

6     ,, 

48 

Bl. 

Twill  to  left. 

6       ,, 

6     ,, 

Bl. 

Twill  to  left. 

6       ,, 

6     ,, 

B2. 

6       ,. 

6     ,, 

Bl. 

Twill  to  left. 

6       „ 

6     ,, 

B2. 

6       ,, 

6     ,, 

Bl. 

Twill  to  left. 

6       ,, 

6     ,, 

B2. 

6       ,, 

6     ,, 

Bl. 

Twill  to  left. 

6       ,,  6     ,,        B2. 

48 
Note.     Mark  B2  red.     Mark  Bl,  left  twill,  f,'reen. 
I..i^ht  warp,  dark  filling. 

PROBLEM   10. 

Stripe  for  Woolen,  Worsted,  or  Cotton.     48  threads  x  12  picks. 
Section  A.     12  threads     12  picks  Bl. 

12      ,,  B2. 

12      ,,  Bl. 

12      ,,  B2. 

12      ,,  Bl. 

6      ,,  B2. 

,  6      ,,  Bl.     Twill  to  left. 

12 

6      ,,       Bl.     Twill  to  left. 
6      ,,       B2. 

12 

NoTK.  Mark  B2  blue.  Mark  Bl,  left  twill,  orange.  Mark  the  risers 
on  24th  and  25th  threads  and  picks  red. 

Warp  arrangement.  23  threads  light  lavender,  1  thread  lavender  and 
green  twist,  1  thread  lavender  and  orange  twist,  23  threads  lavender. 

Filling  arrangement.  23  picks  olive,  1  pick  olive  and  red,  1  pick  olive 
and  blue,  23  picks  olive. 


B. 

3 

C. 

6 

D. 

3 

E. 

12 

F. 

6 

6 

G. 

6 

6 
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PROBLEfl   11. 

Fancy  stripe  for  Woolen,  Worsted,  or  Cotton.     32  threads  x  40  picks. 
Section  A.     16  threads     40  picks  C2. 

12       ,,     C3.     Commence  with  3d  thread,  twill  to 

left. 
8       ,,     C2.     Commence  with  2d  thread,  twill  to 

left. 
12       ,,     CI.     Twill  to  left. 


40 

12 
8 

12 

8 

40 


CI.     Twill  to  left. 

C2.     Commence  with  2d  thread,  twill  to 

left. 
C3.     Commence  with  3d  thread,  twill  to 

left. 
C2.     Commence  with  2d  thread,  twill  to 

left. 


Note.  Mark  C2  to  left,  red.  Mark  C3  green.  Mark  CI  orange.  Mark 
5th,  8th,  11th  threads  blue. 

Warp  arrangement.  4  threads  slate,  1  black  and  orange,  2  slate,  1  black 
and  green,  2  slate,  1  black  and  orange,  21  slate.     Filling,  dark  brown. 

PROBLEM  12. 

Overplaid  and  check  for  Woolen,  Worsted,  and  Cotton. 
48  threads  x  48  picks. 
Section  A.     6  threads     12  picks  Bl. 


6 

3     „ 

B2. 

6 

6     ,, 

Bl. 

6 

3     ,, 

B2. 

6 

12     ,, 

Bl. 

6 

6     „ 

B2. 

6 

6     ,, 

48 

Bl. 

L.  T 

Section  B. 

6  threads 

12    picks 

Bl. 

6 

3       ,, 

B2. 

6 

6       ,, 

Bl. 

6 

3       ,, 

B2. 

6 

12       ,, 

Bl. 

6 

6       ,, 

Bl. 

L.  T 

f"' 

6       ,, 

B2. 

48 

Section  C.     3  threads     42  picks  B2. 

3         ,,  6     ,,        Bl.     L.  T. 


48 
Section  D.     6  threads     12  picks  Bl. 


6 

3      , 

,       B2 

6 

6      , 

,       Bl 

6 

3       , 

,       B2 

0 

12      , 

,       Bl 

6 

6      , 

Bl. 

6 

6      , 

,       B2 

L.  T. 


48 
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Section  E. 

3  threads 

42 

picks  B2. 

3         „ 

6 

48 

)  > 

Bl. 

Section  F, 

6  threads 

12 

picl 

:s  Bl. 

6 

3 

B2. 

6 

6 

Bl. 

6 

3 

B2. 

6 

12 

Bl. 

6 

6 

Bl. 

6 

6 
48 

B2. 

Section  G. 

6  threads 

12 

picks  Bl. 

6 

3 

1 , 

B2. 

6 

6 

,, 

Bl. 

6 

3 

J , 

B2. 

6 

12 

,, 

Bl. 

6 

6 

J  J 

B2. 

6 

6 
48 

" 

Bl. 

Section  H. 

6  threads 

6  picks 

B2. 

6        ,, 

6 

Bl. 

6 

3 

B2. 

6 

6 

Bl. 

6 

3 

B2. 

6 

6 

Bl. 

6 

6 

B2. 

6 

6 

Bl. 

6 

6 

48 

B2. 

Section  I. 

6  threads 

6  p 

cks 

Bl. 

•J         »> 

6 

B2. 

6 

3 

Bl. 

6 

6 

B2. 

6 

3 

Bl. 

6 

6 

B2. 

6 

6 

Bl. 

6 

6 

B2. 

6 

6 

Bl. 

L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


L.  T. 


48 
Note.     Mark  B2  red.     Mark  Bl,  left  twill,  g^reen. 

Arrang-ement    of    warp.     12  light,   1  twist,   10   light,    1  twist,   12  light,   1 
twist,  4  light,  2  twist,  4  light,  1  twist. 

Filling  is  iirranged  in  the  same  order  as  the  warp. 

PROBLEM    13. 

Check  and  spot  effect  for  Woolen  and  Worsted.     48  threads  x  48  picks. 
Section  A.     8  threads     8  picks  C2.     L.  T. 


32 


Cll. 
C2.     L. 


48 
Section  B.     8  threads     8  picks  Cll. 


8 

8 

24 


C2. 

Cll. 

C2. 


K.  T. 


L.  T. 


48 
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Section  C.     8  threads     8  picks  C2.     L.  T. 
8         ,,  8     ,,       Cll. 

8         „         32     ,,       C2.     L.  T. 

48 
Section  D.     8  threads     32  picks  C2.     L.  T. 
8         ,,  8     ,,       Cll. 

8         „  8     ,,       C2.     L.  T. 

48 

Section  E.     8  threads    24  picks  C2.     L.  T. 

8         ,,  8       ,,  Cll. 

8         ,,  8       ,,  C2.     K.  T. 

8         ,,  8       ,,  Cll. 

48 
Section  F.     8  threads     32  picks  C2.     L.  T. 
8         ,,  8       ,,     Cll. 

8         „  8       „     C2.     L.  T. 

48 

NoTK.  Mark  Cll  green.  Mark  C2,  R.  T.,  red.  Mark  the  risers  on  the 
12th,  13th,  36th,  37th  threads  and  picks  orange. 

Arrangement  of  warp.  11  threads  sage,  1  black  and  scarlet,  1  black  and 
green,  22  sage,  1  black  and  green,  1  black  and  scarlet,  11  sage.  Filling. 
Olive  in  place  of  sage,  the  other  threads  same  as  warp. 

PROBLEn  14. 

Check,  or  Overplaid,  for  Woolen,  Worsted,   Cotton,   Linen,  and  Silk. 

48  threads  x  48  picks. 

Section  A.     24  threads  24  picks    C2. 

24         ,,  8       ,,       Cll. 

24         ,,  8       ,,       C2.     L.  T. 

24  ,,  8      „        Cll. 

48 
Section  B.     8  threads    32  picks  Cll. 

8         ,,  8       ,,      C2.     L.  T. 

8         „  8       ,,       Cll. 

48 
Section  C.     8  threads     48  picks  C2.     L.  T. 

Section  D.     8  threads     32  picks  Cll. 

8         .,  8     ,,        C2.     L.  T. 

8         „  8     „        Cll. 

48 
NoTic.     Mark  Cll  blue;  C2,  L.  T.,  red.     Mark  the  risers  on  the  33d  and 
40th  threads  and  picks  with  orange. 

Arrangement  of  warp.  32  threads  olive,  1  black  iuid  crimson,  6  threads 
olive,  1  black  and  crimson,  8  olive.  Filling  arrangement  same  as  warp, 
using  black  in  place  of  olive. 

PROBLEM  15. 
Fancy   broken  twill  effect,  for  Woolen,  Worsted,  Cotton  and  Linen. 
64  threiids  x  64  picks. 
Section  A.     8  threads     16  picks  C2.     2d  thread. 

8         ,,  16       ,,     C2.     L.  T.     2d  pick. 

8         ,,  8        ,,     Cll. 

8         ,,  16        ,,     C2.     L.  T. 

8         ,,  8        ,,     C. 

64 
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Section  B      8  threads  8  picks  C2.  L,  T.     2d  pick. 

8         ,,  24     ,,       C2.       2d  thread. 

8         ,,  16     ,,       C2.  L.  T.  2d  pick. 

8         ,,  8     ,,      Cll. 

8        ,,  8     ,,       C2.  L.  T.     2d  pick. 

64 

Section  C.     8  threads     8  picks  Cll. 

8         ,,         16       ,,       C2.  L.  T.     2d  pick. 

8         ,,         24      ,,      C2.  2d  thread 

8         „         16      ,,       C2.  L.  T.     2d  pick. 

64 

Section  D.     8  threads  16  picks  C2.  L.  T.     2d  pick. 

8          „  8       ,,     Cll. 

8          ,,  16       ,,      C2.  D.  T.     2d  pick. 

8         ,,  24      ,,      C2.  2d  thread. 

64 

Section  E.     8  threads     8  picks  C2.     L.  T.     2d  pick. 
8         ,,         24     ,,       C2.     2d  thread. 
8         „         16     „       C2.     L.  T.     2d  pick. 
8         ,,  8     ,,       Cll. 

8         ,.  8     ,,       C2.     L.  T.     2d  pick. 

64 

Section  F.     8  threads  16  picks  C2.     2d  thread. 

8         ,,  16     ,,       C2.     2d  pick. 

8         ,,  8     ,,       Cll. 

8         ,,  16     „       C2.     L.  T.     2d  piclc. 

8         ,,  8     ,,       C2.     2d  thread. 

64 

Section  G.     8  threads  16  picks  C2.  L.  T.     2d  pick. 

8         ,,  8     ,,       Cll. 

8        ,,  16     ,,       C2.  L.  T.     2d  pick. 

8         ,,  24     ,,       C2.  2d  thread. 

64 

Section  H.     8  threads     8  picks  Cll. 

8         ,,        16     „       C2.     L.  T.     2d  pick. 

8         ,,        24     ,,      C2.     2d  thread. 

8        ,,        16     ,,       C2.     L.  T.     2d  pick. 

64 
NOTK.     Mark  Cll  oranf,^e ;  C2,  left  twill,  blue. 
Warp,  lig^ht.     Filling,  dark. 

PROBLEH   16. 

Herring-bone  stripe  for  Woolen  and  Worsted.     80  threads  x  10  picks. 
Section  A.     5  threads     10  picks  D3. 


B. 

5         ,, 

10 

,,     DS. 

3d  thread  L.  T. 

C. 

5 

10 

,,     D3. 

D. 

5         ,, 

10       , 

,     D5. 

3d  thread  L.  T. 
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E.  5  threads     10  picks  D3, 

F.  5         ,,  10       „     D5.     3d  thread  L.  T. 

G.  25         ,,  10       ,,     D3. 

H.  25         ,,  10       ,,     D5.     3d  thread  L.  T. 

Note.     Mark  D5  red. 
Warp,  lif^-^ht.     Pilling,  dark.     Also,  piece  dyed. 

PROBLEM   17. 

Fancy  stripe  for  Woolen  and  Worsted.     64  threads  x  24  picks. 
Section  A.     16  threads     24  picks  C2.     2d  pick. 


B. 

16 

'» 

24 

,,     C190. 

C. 

16 

>> 

24 

,,     C2. 

D. 

16 

24      , 

,     Cll.     2d  thread, 

Note.     Mark  G190  red.     Mark  Cll  green. 
Warp,  light.     Filling,  dark. 

PROBLEH  18. 

Check  for  Woolen  and  Worsted.     64  threads  x  64  picks. 

Section  A.     32  threads     32  picks  G80.     7th  thread.     L.  T. 
32         ,,  32     ,,        G63.     8th  thread. 

64 

B.     32         ,,  32     ,,       G63.     2d  thread. 

32         ,,  32     ,,       G80.     Sth  thread.     L.  T. 

64 
Note.     Mark  G63  red.     Piece  dyed. 

PROBLEn  19. 

Twill  or  diagonal  effect.     64  threads  x  64  picks. 

Section  A.     16  threads     32  picks  G63. 

16         ,,  32     ,,        G85.     6thread,  L.  T. 

64 


Section  B. 

16 
16 

" 

16 

32 

>  > 

G80. 
G63. 

6  thread. 

L. 

T.    i 

16 

)> 

16 
64 

G80. 

6  thread. 

L. 

T. 

Section  C. 

16 
16 

>> 

32 
32 

64 

> » 

G80. 
G63. 

Section  D. 

16 

»» 

16 

»> 

G63. 

16 

32 

G80. 

6  thread. 

L. 

T. 

16 

»> 

16 

>> 

G63. 

64 

Note.     Mark  G85  red.     Piece  dyed. 
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PROBLEn  20. 

Fancy  twill  and  basket  stripe.     96  threads  x  16  picks. 
Section  A.     8  threads     16  picks  G15.     8th  pick,  L.  T. 


B. 

8 

16      , 

,       G15. 

R.  T. 

C. 

8 

16 

,       G15. 

L.  T. 

D. 

16 

16      , 

,     G126. 

E. 

16 

16      , 

,       G15. 

R.  T. 

F. 

16 

16      , 

,       G15. 

L.  T. 

G. 

16 

16      , 

,     G126. 

H. 

8 

16      , 

,       G15. 

R.  T. 

Note.     Mark  left  twill,  green,  G15.     Mark  G126  red. 

The  student  must  now  commence  to  arrang'e  the  weaves  with  the  least 
possible  float  or  flush,  the  twill  weaves  and  basket  weaves  to  be  arranged  so 
that  they  will  cut.     Light  warp,  dark  filling. 

PROBLEn  21. 

Running  basket  spot  efl'ect  for  Worsted.     96  threads  x  96  picks. 


Note. 


Section  A. 

16  threads 

16  picks  G40, 

4th  thread 

16 

> » 

16       ,,      G67, 

L.  T. 

16 

»» 

64       ,,      G40, 
96 

4th  thread 

Section  B. 

16  threads 

16  picks  G40. 

16 

,  J 

16       ,,     G67. 

16 

J , 

16       ,,     G40. 

16 

> » 

48       ,,     G67. 
96 

Section  C. 

16  th 
16 

reads 

16  picks  G40. 
16       ,,     G67. 

16 

>> 

64       „     G40. 
96 

Section  D. 

16  threads 

64  picks  G40. 

16 

J  > 

16       ,,      G67. 

16 

16      ,,      G40. 
96 

Section  E. 

16  th 
16 

reads 

48  picks  G40. 
16       ,,       G67. 

16 

,  J 

16      ,,      G40. 

16 

>> 

16       ,,       G67. 
96 

Section  F. 

16  threads 

64  picks  G40. 

16 

J  J 

16      ,,       G67. 

16 

" 

16      ,,       G40 
96 

Mark  40G  red. 

Piece 

dyed. 

PROBLEM  22. 

Spot  efl"ect.     Woolen  and  Worsted.     64  threads  x  64  picks. 
Section  A.     8  threads     8  picks  C2.     3d  thread. 
8         ,,  8      ,,      C60,     2d  pick. 

8         „        48      ,,       C2.     3d  thread. 

64 
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Section  B.     8  threads     8  picks  C2.     3  T. 
8         ,,        24      „       C6().     2  P. 
8         ,,        32      ,,       C2.     3  T. 

64 

Section  C.     8  threads     24  picks  C60.     2  P. 
8         ,,  40       ,,       C2.     3  T. 

64 

Section  D.     8  threads     16  picks  C2.     3  T. 
8         ,,  8       ,,       C60.     2  P. 

8         ,,  40       ,,       C2.     3  T. 

64 

Section  E.     8  threads     40  picks  C2.     3T. 
8         ,,  8     ,,      C60.     2  P. 

8         ,,  16     .,       C2.     3  T. 

64 

Section  F.     8  threads     40  picks  C2.     3  T. 
8         ,,  24       ,,      C60.     2  P. 

64 

Section  G.     8  threads     32  picks  C2.     3  T. 
8         ,,  24     ,,       C60.     2  P. 

8         ,,  8     ,,       C2.     3  T. 

64 

Section  H.     8  threads     48  picks  C2.     3  T. 
8         ,,  8     ,,       C60.     2  P. 

8         ,,  8     ,,       C2.     3T. 

64 
Note.     Mark  C60  red.     Light  warp,  dark  filling. 

PROBLEn  23. 

Basket  check  suiting.     Woolen  and  Worsted.     64  threads  x  64  picks. 

Section  A.     24  threads     24  picks  Cll.     2  T.     2  P. 
24         ,,8     „       C60. 
24         ,,  16     ,,        Cll.     2  T.     2  P. 

24         ,,  8     ,,        C60. 

24         ,,  8     ,,        Cll.     2  T.     2  P. 

64 
Section  B.     8  threads     64  picks  C60. 

Section  C.     16  threads  24  picks  Cll.     2  T.     2  P. 

16         ,,  8       „  C60. 

16         ,,  16       „  Cll.     2T.     2  P. 

16         „  8       „  C60. 

16         „  8       „  Cll.     2  T.     2  P. 

64 

Section  D.     8  threads     64  picks  C60. 
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Section  E.     8  threads  24  picks  Cll.     2  T.     2  P. 

8         „  8     ,,         C60. 

8         ,,  16     ,,         Cll.     2  T.     2  P. 

8        ,,  8     „         C60. 

8         ,,  8     ,,         Cll.     2  T.     2  P. 


64 


Note.     Mark  Cll  red. 


PROBLEM  24. 

Fancy  check.     Woolen  and  Worsted.     64  threads  x  64  picks. 

Section  A.     16  threads  16  picks  Cll.  2  T.     2  P. 

16         „            8     ,,        C2.  2  P. 
16         ,,            8     ,,        C60. 

16         ,,  16     „        Cll.  2  T.     2  P. 

16         ,,  8     ,,        C60. 

16           :            8     ,,        C2.  2  P. 

64 

Section  B.       8  threads     64  picks  C60. 

Section  C.       8  threads  24  picks  C2.     2  P. 
8         ,,  8       ,,     C60. 

8         ,,  16       ,,     C2.     2  P. 
8         ,,  8       ,.     C60. 

8         „  8       ,,     C2.     2  P. 

64 

Section  D.     16  threads     16  picks     Cll.     2  T.     2  P. 
16        ,,  8     ,.  C2.     2  P. 


16 
16 
16 
16 


16 


64 


C60. 

Cll.     2  T.     2  P. 

C60. 

C2.     2  P. 


Section  E.     8  threads  24  picks  C2.     2  P. 

8         ,,  8      ,,  C60. 

8        ,,  16      ,,  C2.     2  P. 

8         ,,  8      ,,  C60. 

8         ,,  8      ,,  C2.     2  P. 

64 
Section  F.     8  threads     64  picks     C60. 
Note.     Mark  Cll  green  ;  C60  red. 

PROBLEn  25. 

Fancy  stripe.     Woolen,  Worsted,  and  Cotton.     64  threads  x  16  picks. 
Section  A.     8  threads     16  picks  C2.     2  T.  L.  T. 

B.  8         ,,  16     „       C24.     2  P. 

C.  4         ,,  16     „       C2.     2  T.     L.  T. 

D.  4         ,,  16     ,,       C24.     2P. 

E.  8        ,,  16     ,,       C2.     2  T.     L.  T. 
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F.     8  threads     16  picks  C60.     8  P. 


G. 

8 

» ) 

16  , 

,   C24. 

2  P. 

H. 

4 

,, 

16  , 

,  C60. 

4  P. 

I. 

4 

» J 

16  ,,  C24. 

2  P. 

J. 

8 

)' 

16  , 

,  C60. 

4  P. 

Note.     Mark  C24  red.     C60  green. 

PROBLEH  26. 

Fancy  stripe.     Woolen,  Worsted,  and  Cotton.     64  threads  x  16  picks. 
Section  A.     8  threads     16  picks  C60. 


B. 

8 

16   . 

,   C66. 

2  P. 

C. 

4 

16   , 

,   C60. 

D. 

4 

16   , 

,   C66. 

2  P. 

E. 

8 

16   ,,   C60. 

F. 

8 

16   , 

,   C2. 

2  P. 

G. 

8 

16   , 

,   C66. 

2  P. 

H. 

4 

16   „   C2. 

2  P. 

I. 

4 

16   , 

,   C66, 

2  P. 

J. 

8 

16   , 

2  P. 

Note.     Mark  C66  red.     C2  green. 

PROBLEM  27. 

Fancy  rib  and  warp  spot.     Woolen  and  worsted. 

64  threads  x  64  picks. 
Section  A.     8  threads       Spicks  C16. 

8       ,,  8     ,,        C8. 

8       ,,  4     ,,        C16. 

8       „  -4     ,,        C8. 

8       ,,  40     ,,        C16. 

64 

Section  B.     8  threads  32  picks  C8. 

8       ,,  8     ,,        C16. 

8       ,,  16     ,,        C12.     3  T.  3  P. 

8       ,,  8     ,,        C16. 

64 

Section  C.     4  threads  8  picks  C16. 

4       ,,  8     ,,        C8. 

4       ,,  4     ,,        C16. 

4       ,,  4     ,,        C8. 

4       ,,  40     ,,        C16. 

64 
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Section  D.     4  threads  32  picks  C8. 

4       ,,  8     ,,        C16. 

4       ,,  16     „        C12.     3  T.  3  P. 

4       ,,  8     ,,        C16. 

64 

Section  E.     8  threads  8  picks  C16. 

8       ,,  8     ,,  C8. 

8       ,,  4     ,,  C16. 

8       ,,  4     ,,  C8. 

8       „  40     ,.  C16. 

64 

Section  F.     8  threads  40  picks  C16. 
8       ,,  8     ,,        C8. 

8       ,,  4     ,,        C16. 

8       ,,  4     ,,        C8. 

8       „  8     ,,        C16. 

64 

Section  G.     8  threads  8  picks  C16. 

8       ,,  16     „        C12.     3  T.  3  P. 

8       „  8     „        C16, 

8       „  32     ,,        C8. 

64 

Section  H.     4  threads  40  picks  C16, 
4       ,,  8     .,        C8. 

4       ,,  4     ,,        C16. 

4       ,,  4     ,,        C8. 

4       „  8     ,,        C16. 

64 

Section    I.     4  threads  8  picks  C16. 

4       „  16     ,,        C12.     3  T.  3  P. 

4       ,,  8     ,,        C16. 

4       ,,  32     ,,        C8. 

64 
Section  J.     8  threads    40  picks  C16. 
8       ,,  8     ,,        C8. 

8       ,,  4     ,,        C16. 

8       ,,  4     ,,        C8. 

8       ,,  8     ,,        C16. 

64 
Note.     Mark  C8  blue.     Mark  C12  orange. 

PROBLEM  28. 

Broken  stripe,  Woolen  imd  Worsted.     64  threads  x  32  picks. 
Section  A.     8  threads    24  picks  C60.     2  T.  2  P. 


C2.       4  T.  L.T. 


32 


Section  B.     8  threads     24  picks  C2.       4  T.  L.T. 
8       ,,  8     ,,        C60.     2  T.  2  P. 

32 
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Section  C.     4  threads     24  picks  060.     2  T.  2  P. 
4       ,,  8     ,,        C2.       4  T.  L.T. 

32 
Section  D.     4  threads    24  picks  C2.       4  T.  L.T. 
4       „  8     „        C60.     2  T.  2  P. 

32 
Section  E.     8  threads     24  picks  C60.     2  T.  2  P. 
8       „  8     ,,        C2.       4  T.  L.T. 

32 
Section  F.     8  threads       8  picks  C2.       4  T.  L.T. 
8       ,,  24     ,,        C60.     2  T.  2  P. 

32 
Section  G.     8  threads       8  picks  C60.     2  T.  2  P. 
8       „  24     ,,        C2.       4  T.  L.T. 

32 
Section  H.     4  threads       8  picks  C2.       4  T.  L.T. 
4       ,,  24     ,,        C60.     2  T.  2  P. 

32 

Section    1.     4  threads       8  picks  C60.     2  T.  2  P. 
4       ,,  24     ,,        C2.       4T.  L.T. 

32 

Section   J.     8  threads       8  picks  C2.       4  T.  L.T, 
8       ,,  24     ,,        C.60.     2  T.  2  P. 

32 
Note.     Mark  C60  red. 
Light  warp.     Dark  tilling-. 

PROBLEM  30. 

Spot  and  check  eflfect.     64  threads  x  64  picks. 
Section  A.     8  threads       8  picks  C2. 
8       ,,  8     ,,        C61. 

8       ,,  4     „        C2. 

8       ,,  4     ,,        C61.     5  P. 

8       ,,  16     ,,        C2. 

8       ,,  8     „        C6.       2  T.  L.T. 

8       ,,  4     ,,        C2. 

8       ,,  4     ,,        C6.       2  T.  L.T. 

8       ,,  8     „        C2. 

64 
Section  B.     8  threads     32  picks  C61. 

8       „  32     ,,        C6.       2  T.  L.T. 

64 

Section  C.     4  threads  8  picks  C2. 

4       ,,  8  ,,  C61. 

4  4  f'"' 

4       ,,  4  ,,  C61.     5  P. 

4       ,,  16  ,,  C2. 

4       „  8  ,,  C6.       2  T.  L.T. 

4       ,,  4  ,,  C2. 

4       „  4  ,,  C6.       2T.  L.T. 

4       „  8  „  C2. 

64 
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Section  D.     4  threads     32  picks  C61. 

4       „  32     ,,        C6. 


2T.  L.T. 


64 


Section  E.     8  threads       8  picks  C2. 

C61. 


4 
4 
16 
8 
4 
4 


C2. 

C61. 

C2. 

C6. 
C2. 
C6. 
C2. 


5  P. 

2  T.  L.T. 

2  T.  L.T. 


64 


Section  F.     8  threads      8  picks  C2. 


8     ,, 

C6. 

2  T.  L.T. 

4     ,, 

C2. 

4     ,, 

C6. 

2  T.  L.T 

16     ,, 

C2. 

8     „ 

C61. 

4     ,, 

C2. 

4     ,, 

C61. 

5  P. 

8     ,, 

C2. 

64 


Section  G.     8  threads     32  picks  C6, 
8       „  32     „        C61. 


2T.  L.T. 


64 


Section  H.     4  threads      8  picks  C2. 


4 

8     ,, 

C6. 

2  T. 

L.T. 

4 

4     ,, 

C2. 

4 

4     „ 

C6. 

2  T. 

L.T. 

4 

16     ,, 

C2. 

4 

8     ,, 

C61. 

4 

4     ,, 

C2. 

4 

4     ,, 

C61. 

5  P. 

4 

8     ,, 

C2. 

64 


Section    I,     4  threads     32  picks  C6. 
4       ,,  32     ,,       C61. 


2  T.  L.T. 


64 


Section   J.     8  threads       8  picks  C2. 


8 

8     ,, 

C6. 

2  T.  L.T 

8 

4     „ 

C2. 

8 

4     „ 

C6. 

2  T.  L.T 

8 

16     ,, 

C2. 

8 

8     „ 

C61. 

8 

,               4     ,, 

C2. 

8 

4     ,, 

C61. 

5  P. 

8 

8     „ 

C2. 

64 
Note.     Mark  C61  red.     Mark  C6  green. 
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PROBLEM  31 

Fancy  check,  Woolen  and  Worsted. 

64  th 

reads  x  64  picks. 

Section  A. 

32  threads 

32  pick 

5  Cll. 

2  T.  2  P. 

32       „ 

8     ,, 

C2. 

2  P'.  L.T. 

32       ,, 

8     ,, 

C61. 

32       „ 

4     ,, 

C2. 

2  T.  2  P. 

32       ,, 

4     ,, 

C61. 

5  P. 

32       ,, 

8     ,, 
64 

C2. 

2  T.  2  P. 

Section  B. 

8  threads 

40  picks 

C2. 

2  P.  L.T. 

8       „ 

8     ,, 

C61. 

8       „ 

4     ,, 

C2. 

2  P.  L.T. 

8       ,, 

4     ,, 

C61. 

5  P. 

8       „ 

8     ,, 
64 

C2. 

2  P.  L.T. 

Section  C. 

8  threads 

64  picks 

C61. 

Section  D. 

4  threads 

40  picks 

C2. 

2  P.  L.T. 

4       ,, 

8     ,, 

C61. 

4       ,, 

4     ,, 

C2. 

2  P.  L.T. 

4       ,, 

4     ,, 

C61. 

5  P. 

4       „ 

8     ,, 
64 

C2. 

2  P.  L.T. 

Section  E. 

4  threads 

64  picks 

C61. 

Section  F. 

8  threads 

40  picks 

C2. 

2  P.  L.T. 

8       „ 

8     ,, 

C61. 

8       ,, 

4     ,, 

C2. 

2  P.  L.T. 

8       ,, 

4     „ 

C61. 

5  P. 

8       „ 

8     „ 
64 

C2. 

2  P.  L.T. 

Note.     Mark  C2  red 

.     Mark  C61  green. 
HROBLEM  32 

AUover  efTect. 

Woolen  and 

Worsted. 

80  threads  x  80  picks. 

Section  A. 

8  threads 

8  picks 

C12. 

3  T.  3  P. 

8       ,, 

4     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

8     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

20     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

16     ,, 
80 

C16. 

Section  B. 

4  threads 

8  picks 

C16. 

4       ,, 

8     ,, 

C12. 

3  T.  3  P. 

4       ,. 

20     „ 

C16. 

4       ,, 

8     ,. 

C12. 

3  T.  3  P. 

4       ,, 

16     ,, 

C16. 

4       ,, 

8     „ 

C12. 

3  T.  3P. 

4       ,, 

4     ,, 

C16. 

4       „ 

8     ,, 

C12. 

3  T.  3  P. 

80 
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Section  C.     8  threads     16  picks  C16. 


8       ,, 

8     ,, 

C12. 

3T.  3  P. 

8       ,, 

16     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3P. 

8       ,, 

4     „ 

C16. 

8       ,, 

8     „ 

C12. 

3  T.  3  P. 

8       „ 

8     ,, 

C16. 

8       ,, 

8     ., 

C12. 

3  T.  3  P. 

8       ,, 

4     ,, 
80 

C16. 

Section 

D. 

8  thre 
8       ,, 

ads 

4  picks 
16     ,, 

C12. 
C16. 

3  T.  3  P. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8      ,, 

4     „ 

C16. 

8       ,, 

8     ,, 

C12. 

3T.  3  P. 

8       ,, 

8     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

20     ,, 

C16. 

8       ,, 

4     ,, 

80 

C12. 

3  T.  3  P. 

Section 

E. 

4  thre 
4       ,, 

ads 

16  picks 

8     ,, 

C16. 
C12. 

3  T.  3  P. 

4       ,, 

16     „ 

C16. 

3  T.  3  P. 

4       ,, 

8     ,, 

C12. 

4       „ 

4     ,, 

C16. 

3  T.  3  P. 

4       ,, 

8     ,, 

C12. 

4       ,, 

8     „ 

C16. 

3  T.  3  P. 

4       ,, 

8     ,, 

C12. 

4       ,, 

4     ,, 
80 

C16. 

3  T.  3  P. 

Section 

F. 

8  threads 

8  picks 

C12. 

3  T.  3  P. 

8       ,, 

4     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

8     ,, 

C16. 

8       ,, 

8     „ 

C12. 

3  T.  3  P. 

8       ,, 

20     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

16     ,, 

80 

C16. 

Section 

G. 

8  threads 

8  picks 

,  C16. 

8       ,, 

8     ,. 

C12. 

3  T.  3  P. 

8       ,, 

20     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

16     ,, 

C16. 

8       ,, 

8     ,, 

C12. 

3  T.  3  P. 

8       ,, 

4     ,, 

C16. 

8       ,, 

8     ,, 
80 

C12. 

5  T.  3  P. 

Section 

H. 

4  threads 

8  picks  C12. 

3  T.  3  P 

4       ,, 

4     ,, 

C16. 

4       ,, 

8     ,, 

C12. 

3  T.  3  P. 

4       ,, 

8     ,, 

C16. 

4       ,, 

8     ,, 

C12. 

3T.  3  P. 

4       ,, 

20     „ 

C16. 

4       ,, 

8     „ 

C12. 

3  T.  3  P. 

4       ,, 

16     ., 

C16. 

80 
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Section    I.     8  threads       4  picks  C12.     3  T.  3  P. 


20 
4 

80 


3  T.  3  P. 
3  T.  3  P. 


C16. 

C12. 

C16. 

C12. 

C16. 

C12.     3  T.  3  P, 

C16. 

C12.     3  T.  3  P 


Section   J.     8  threads     16  picks  C16. 

8       ..  8     ,,        C12.     3T.  3  P. 


16 

8 
4 
8 
8 
8 
4 

80 


C16. 

C12. 

C16. 

C12.     3  T.  3  P. 

C16. 

C12. 

C16. 


3  T.  3  P. 


3  T.  3  P. 


Section  K.     4  threads       4  picks  C12 


16 


20 
4 


80 


3  T.  3  P. 
C16. 
C12.     3  T.  3  P. 
C16. 

C12.     3  T.  3  P. 
C16. 

C12.     3  T.  3  P. 
C16. 
C12.     3  T.  3  P. 


Section  L.     8  threads       8  picks  C16. 

C12. 


20 

8 

16 

8 
4 
8 

80 


3  T.  3  P. 

C16. 

C12.     3  T.  3  P. 

C16. 

C12.     3  T.  3  P. 

C16. 

C12.     3  T.  3  P. 


NOTK.     Mark  C16  red. 


PROBLEM  33. 

Fancy  check.     Woolen  and  Worsted.     80  threads  x  80  picks. 
Section  A.     8  threads     80  picks  C57. 


Section  B.     4  threads     12  picks  C2 


8 
16 

8 
8 


3  P.  L.T. 
2  T.  2  P. 


C57. 

Cll. 

C57, 

C2        3  P.  Lv.T. 

Cll.     2  T.  2  P. 

C57. 

Cll.     2  T.  2  P. 

C2.       3  P.  L.T. 


80 
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Section  C. 

8  threads 

8  picks 

C2. 

3  P.  L.T. 

8       ,, 

4     ,, 

Cll, 

2  T.  2  P. 

8 

4     ,, 

C57. 

8 

8     ,, 

C2. 

3  P.  L.T. 

8 

8     ,, 

C57. 

8 

8     ,, 

C2. 

3  P.  L.T. 

8 

8     ,, 

Cll. 

2  T.  2  P. 

8 

8     „ 

C2. 

3  P.  L.T. 

8 

8     ,, 

CS7. 

8 

8     ,, 

C2. 

3  P.  L.T. 

8 

8     „ 

Cll. 

2  T.  2  P. 

80 

Section  D. 

8  threads 

8  picks 

Cll. 

2  T.  2  P. 

8       ,, 

4     ,, 

C2. 

3  P*.  L.T. 

8       ,, 

4     ,, 

C57. 

8       ,, 

8     ,, 

C2. 

3  P.  L.T. 

8       ,, 

8     ,, 

C57. 

8       ,, 

8     „ 

Cll. 

2  T.  2  P. 

8       „ 

16     „ 

C2. 

3  p!  L.T. 

8       ,, 

8     ,, 

C57. 

8       ,, 

16     ,, 
80 

C2. 

3  P.  L.T. 

Section  E. 

4  threads 

8  picks 

C2. 

3  P.  L.T. 

4       ,, 

4     ., 

Cll. 

2  T.  2  P. 

4       ,, 

4     ,, 

C57. 

4       ,, 

8     ,, 

C2. 

3  P.  L.T. 

4       ,, 

8     „ 

C57. 

4 

8     „ 

C2. 

3  P.  L.T. 

4       ,, 

8     ,, 

Cll. 

2T.  2  P. 

4       ,. 

8     ,, 

C2. 

3  P.  L.T. 

4       ,, 

8     ,, 

C57. 

4       ,, 

8     „ 

C2. 

3  P.  L.T. 

4       ,, 

8     ,, 

80 

Cll. 

2  T.  2  P. 

Section  F. 

8  threads 

80  picks 

C57. 

Section  G. 

8  threads 

12  pickfe 

C2. 

3  P.  L.T. 

8       ,, 

4     ,, 

C57. 

8       ,, 

8     ,, 

Cll. 

2  T.  2  P. 

8       ,, 

8     ,, 

C57. 

8       ,, 

16     ,, 

C2. 

3  P.  L.T. 

8       ,, 

8     ,, 

Cll. 

2  T.  2  P. 

8       ,, 

8     „ 

C57. 

8       ,, 

8     ,, 

Cll. 

2  T.  2  P. 

8       „ 

8     ,, 
80 

C2. 

3  P.'  L.T. 

Section  H. 

4  threads 

80  picks 

C57. 

Section    I. 

8  threads 

8  picks  Cll. 

2  T.  2  P. 

8       ,, 

4     ,, 

C2. 

3  p!  L.T. 

8       ,, 

4     ,, 

C57. 

8       ,, 

8     ,, 

C2. 

3  P.  L.T. 

8       „ 

8     ,, 

C57. 

8       ,, 

8     ,, 

Cll. 

2  T.  2  P. 

< 

8       ,, 

16     ,, 

C2. 

3  p!  L.T. 

8       ,, 

8     ,, 

C57. 

8 

16     ,, 

C2. 

3  P.  L.T. 

80 
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Section   J. 

8  thre 

iids 

8  picks  C2. 

3  P.  L.T. 

8       ,, 

4 

Cll. 

2  T.  2  P. 

8       „ 

4     , 

,        C57. 

8 

8     , 

C2. 

3  P.  L.T. 

8 

8 

C57. 

8 

8 

C2. 

3  P.  L.T. 

8       ,, 

8     , 

Cll. 

2  T.  2  P. 

8       ,, 

8     , 

C2. 

3  P.  L.T. 

8       ,, 

8     , 

C57. 

8       ,, 

8     , 

C2. 

3  P.  L.T. 

8       ,, 

8 
80 

Cll. 

2  T.  2  P. 

Section  K. 

4  threads 

8  picks  Cll. 

2  T.  2  P. 

4       ,, 

4     , 

,        C2. 

3  P.  L.T. 

4       ,, 

4     , 

,        C57. 

4       ,, 

8     , 

C2. 

3  P.  L.T. 

4       ,, 

8     , 

C57. 

4       ,, 

8     , 

Cll. 

2  T.  2  P. 

4       ,, 

16 

C2. 

3  P.  L.T. 

4       ,, 

8 

C57. 

4       ,, 

16 

80 

C2. 

3  P.  L.T. 

Section  L. 

8  thrc 

ads 

12  p 

icks  C2. 

3  P.  L.T. 

8       ,, 

4 

,,       C57. 

8       ,, 

8 

Cll. 

2  T.  2  P. 

8       ,, 

8 

C57. 

8       ,, 

16 

C2. 

3  P.  L.T. 

8       ,, 

8 

Cll. 

2  T.  2  P. 

8       ,, 

8 

C57. 

8       ,, 

8 

„        Cll. 

2  T.  2  P. 

8       ,, 

8 

C2. 

3  P.  L.T. 

80 
Note.     Mark  Cll  red.     Mark  CS7  green. 
Light  olive  warp.     Black  filling. 

PROBLEM  34. 

Al lover  effect.     Woolen  and  Worsted. 


section  A. 

o  tnre 
8 

iius     z.yi  pi 
8 

UK& 

ceo. 

4  P. 

L. 

T 

8 

8     , 

C17. 

3  P. 

8 

'  20     , 

ceo. 

4  P. 

L. 

T 

8 

8     , 

C17. 

3  P. 

8 

16 
80 

ceo. 

8  P. 

L. 

T 

Section  B. 

4  thrc 

4 
4 
4 
4 
4 

ads      8  pi 

8 
20 

8 
16 
20 

80 

cks 

ceo. 

C17. 

ceo. 

C17. 

ceo. 

C17. 

Section  C. 

8  thrc 

8 

8 

8 

8 

8 

8 

ads     le  p 

8 
16 
20 

8 

8 

4 

ick 

s  ceo. 

C17. 

ceo. 

C17. 

ceo. 

C17. 

ceo. 

80 
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Section  D. 

8  threads 

4  picks 

C17. 

8 

16      ,, 

C60. 

8 

20       ,, 

C17. 

8 

8       ,, 

C60. 

8 

8 

C17. 

8 

20       „ 

C60. 

8 

4       ,, 
80 

C17. 

Section  E. 

4  threads 

16  piclvs 

C60. 

4 

8     ,, 

C17. 

4 

16     „ 

C60. 

4 

20     ,, 

C17. 

4 

8     ,, 

C60. 

4 

8     „ 

C17. 

4 

4     ,, 
80 

C60. 

Section  F. 

8  threads 

20  picks 

C17. 

8 

8       ,, 

C60. 

8 

8      ,, 

C17. 

8 

20      ,, 

C60. 

8        „ 

8      ,, 

C17. 

8 

16      ,, 

80 

C60. 

Section  G. 

8  threads 

8  picks 

C60. 

8       ,, 

8     ,, 

C17. 

8       ,, 

20     ,, 

C60. 

8       ,, 

8     ,, 

C17. 

8       ,, 

16     ,, 

C60. 

8       ,, 

20     ,, 
80 

C17. 

Section  H. 

4  threads 

20  picks 

C17. 

4       ,, 

8     „ 

C60. 

4       ,, 

8     ,, 

C17. 

4       ,, 

20     ,, 

C60. 

4       ,, 

8     „ 

C17. 

4       ,, 

16     ,, 

80 

C60. 

Section    I. 

8  threads 

4  picks 

C17. 

8       ,, 

16     „ 

C60. 

8       ,, 

20     ,, 

C17. 

8       ,, 

8     ,, 

C60. 

8       „ 

8     ,, 

C17. 

8       ,, 

20     ,, 

C60. 

8       ,, 

4     ,, 
80 

C17. 

Section   J. 

8  threads 

16  picks 

C60. 

8       ,, 

8     ,, 

C17. 

8       „ 

16     ,, 

C60. 

8       „ 

20     „ 

C17. 

8       „ 

8     ,, 

C60. 

8       ,, 

8     ,, 

C17. 

8       ,, 

4     ,, 

C60. 

80 
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Section  K. 

4  threads 

4  picks 

C17. 

4       ,, 

16     ,, 

C60, 

4       ,, 

20     ,, 

C17. 

4       ,, 

8     ,, 

C60. 

4       ,, 

8     ,, 

C17. 

4       ,, 

20     ,, 

C60. 

4      ,, 

4     ,, 
80 

C17. 

Section  L. 

8  threads 

8  picks 

C60. 

8       ,, 

8     „ 

C17, 

8       ,, 

20     ,, 

C60. 

8       ,, 

8     ,, 

C17. 

8       ,, 

16     ,, 

C60. 

8       ,, 

20     ,, 

C17. 

80 

Note.     Mark  C60  red. 

Arrang-ement  of  warp.  4  threads  black,  2  black  and  white,  1  black  and 
gold,  1  black  and  white. 

Arrangement  of  tilling.  4  picks  brown,  2  black  and  lavender,  1  black 
and  green,  1  black  and  lavender. 

PROBLEM  35. 

Allover  effect.      120  threads  x  120  picks. 
Section  A.     12  threads     30  picks  E5. 


12       „ 

12     ,, 

E4. 

3  P. 

12       ,, 

12     ,. 

E5. 

3  P. 

12       ,, 

30     ,, 

E4. 

3  P. 

12       ,, 

18     ,, 

E5. 

12       ,, 

18     ,,     . 
120 

E4. 

3  P. 

Section 

B. 

6  threads 

12  picks 

E4. 

6       ,, 

12     ,, 

E5. 

6       ,, 

30     ,, 

E4. 

6       „ 

18     ,, 

E5. 

3  P. 

6       ,, 

18     ,, 

E4. 

6       ,. 

30     ,, 
120 

E5. 

3  P. 

Section 

C. 

12  threads 

24  picks 

E4. 

12       ,, 

18     ,, 

E5. 

12       ,, 

18     ,, 

E4. 

3  P. 

12       ,, 

30     „ 

E5. 

3  P. 

12       ,, 

12     ,, 

E4. 

3  P. 

12      ,, 

12     ,, 

E5. 

3  P. 

12      ,, 

6     ,, 

120 

E4. 

3  P. 

Section 

D. 

12  threads 

12  picks 

E5. 

12       ,, 

18"  ,, 

E4. 

12       ,, 

30     ,, 

p:5. 

3  P. 

12       ,, 

12     ,, 

E4. 

3  P. 

12       ,, 

12     ,, 

E5. 

3  P. 

12      ,, 

30     ,, 

E4. 

3  P. 

12       ,, 

6     ,, 

E5. 

3  P. 

120 
Note.     Mark  p;:4  red. 

This  design  has  to  be  completed  by  the  student. 

Same  move  as  Design  No.  34.     It  must  be  noticed  that  the  weave  is  half 
as  large  again  as  at  No.  34. 


I 
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PROBLEM  36. 

Allovei 

-  effect.       160  threads 

X  160  picks 

Section  A. 

16  threads 

16  picks 

G19. 

16 

8     ,, 

G130. 

16 

16     ,, 

G19. 

16 

8     ,, 

G130. 

16 

24     „ 

G19. 

16 

32     ,, 

G130. 

16 

24     ,, 

G19. 

16 

8     ,, 

G130. 

16 

8     „ 

G19. 

16 

16     ,, 
160 

G130. 

Section  B. 

8  threads 

8  picks 

G130. 

8 

24     „ 

G19. 

8 

32 

G130. 

8 

24 

G19. 

8 

8 

G130. 

8 

8 

G19. 

8 

16 

G130. 

8 

16 

G19. 

8 

8 

G130. 

8 

16 

G19. 

160 

Section  C. 

16  threads 

24  picks 

G130. 

16 

24     ,, 

G19. 

16 

8     ,, 

G130. 

16 

8     „ 

G19. 

16 

16     ,, 

G130. 

16 

16     ,, 

G19. 

16 

8     ,, 

G130. 

16 

16     ,, 

G19. 

16 

8     ,, 

G130. 

16 

24     ,, 

G19. 

16 

8     „ 
160 

G130. 

Section  D. 

16  threads 

8  picks 

G19. 

16 

8     „ 

G130. 

16 

8     ,, 

G19. 

16 

16     ,, 

G130. 

16 

16     „ 

G19. 

16 

8     ,, 

G130. 

16 

16     ,, 

G19. 

16 

8     ,, 

G130. 

16 

24     ,, 

G19. 

16 

32     „ 

G130. 

16 

16 

,, 

G19. 

160 

NoTK.     Mark  G130  red. 

Make  the  same  moves  as  in  design  at  No.  34.  Notice  that  this  design  is 
made  from  2  8-harness  weaves,  whereas  the  design  at  No.  34  is  made  from  2 
4-harness  weaves. 
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PROBLEM  37. 

Al  lover  ell'e 

ct.       Woolen  an 

d  Worsted  and  Cotton  warp. 

60  threads 

X  60  pick 

s. 

Section  A. 

6  threads 

6  picks 

B2. 

Section 

F. 

6  threads       6  picks 

B2. 

6       ,, 

3     ,, 

Bl. 

6 

3     ,, 

Bl. 

6       ,, 

3     ,, 

B2. 

6 

3     ,, 

B2. 

6       ,, 

9     ,, 

Bl. 

6       , 

9     ,, 

Bl. 

6       ,, 

3     ,, 

B2. 

6 

3     ,, 

B2. 

6       „ 

18     ,, 

Bl, 

6       , 

18     ,, 

Bl. 

6       ,, 

3     ,, 

B2. 

6 

3     „ 

B2. 

6       ,, 

15     „ 
60 

Bl. 

6       , 

15     ,, 
60 

Bl. 

Section  B. 

3  threads 

6  picks 

Bl. 

Section 

G. 

6  threads       6  picks 

Bl. 

3       „ 

3     ,, 

B2. 

6       , 

3     ,, 

B2. 

3       ,, 

18     ,, 

Bl. 

6 

18     ,, 

Bl. 

3       ,, 

3     ,, 

B2. 

6 

3     ,, 

B2. 

3       ,, 

15     ,, 

Bl. 

6 

IS     ,, 

Bl. 

3       ,, 

6     ,, 

B2. 

6       , 

6     ,, 

B2. 

3       ,, 

3     ,, 

Bl. 

6       , 

3     ,, 

Bl. 

3       „ 

3     ,, 

B2. 

6 

3     ,, 

B2. 

3       „ 

3     ,, 
60 

Bl. 

6       , 

3     ,, 
60 

Bl. 

Section  C. 

6  threads 
6      ,, 

12  picks 
3    ,, 

Bl. 
B2. 

Section 

H. 

3  threads       6  picks 

B2. 

6       ,, 
6       ,, 
6       ,, 
6       ,, 
6       ,, 

15    ,, 
6     ,, 
3     ,, 
3     ,, 

~9     ,, 

Bl. 
B2. 
Bl. 
B2. 
Bl. 

3       , 
3       , 
3       , 
3       , 
3       , 

3     ,, 
3     „ 
9     ,,. 
3     ,, 

18     ,, 

Bl. 
B2. 
Bl. 
B2. 
Bl. 

6       ,, 
6       ,, 

3     ,, 
6     ,, 

60 

B2. 
Bl. 

3 

3       , 

3     ,, 
15     ,, 

60 

B2. 
Bl. 

Section  D. 

6  threads 

15  picks 

Bl. 

Section 

I. 

6  thr 

eads     15  picks 

Bl. 

6       „ 

6     ,, 

B2. 

6       , 

6     ,, 

B2. 

6       ,, 

3     ,, 

Bl. 

6       , 

3     ,, 

Bl. 

6       ,, 

3     ,, 

B2, 

6       , 

3     ,, 

B2. 

6       „ 

9     ,, 

Bl. 

6       , 

9     ,, 

Bl. 

6       ,, 

3     „ 

B2. 

6       , 

3     ,, 

B2. 

6       ,, 

18     ,, 

Bl. 

6       , 

18     ,, 

Bl. 

6       ,, 

3     ,, 
60 

B2. 

6       , 

3     ,, 
60 

B2. 

Section  E. 

3  threads 

12  picks 

Bl. 

Section 

J. 

6  thr 

eads     12  picks 

Bl. 

3       ,, 

3     ,, 

B2. 

6       , 

3     „ 

B2. 

3       „ 

15     ,, 

Bl. 

6       , 

IS     ,, 

Bl. 

3       ,, 

6     ,, 

B2. 

6       , 

6     ,, 

B2. 

3       ,, 

3     „ 

Bl. 

6       , 

3     ,, 

Bl. 

3       ,, 

3     ,, 

B2. 

6       , 

3     ,, 

B2. 

3       ,, 

9     ,, 

Bl. 

6       , 

9     ,, 

Bl. 

3       ,, 

3     ,, 

B2. 

6       , 

3     ,, 

B2. 

3       „ 

6     „ 

Bl. 

6       , 

6     ,, 

Bl. 

60  60 

Note.     Mark  Bl  red. 

From  the  above  arrang-ement  the  student  should  make  designs,  using-  4, 
5,  and  6-harness  weaves. 
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PROBLEM  38. 

Spot  effect.     Woolen  Cloaking  and  Cheviot  Cape.     64  threads  x  64  picks. 
Section  A.     8  threads    40  picks  CI. 

8       ,,  8     ,,        C3.     4  T.  L.T. 

8       „  4     ,,        CI. 

8       ,,  4     ,,        C3.     4  T.  L.T. 

8       „  8     .,        CI. 


64 

Sections.     8  threads     32  picks  C3.     4T.  L.T. 

8  ,,  CI. 

8  ,,  C3.     4T.  L.T. 

4  ,,  CI. 

4  ,,  C3.     4  T.  L.T. 

8  ,,  CI. 


64 
Section  C.     4  threads     40  picks  CI. 
4       ,,  8     ,,        C3. 

4       ,,  4     ,,        CI. 

4       ,,  4     ,,        C3. 

4       ,,  8     „        CI. 


4  T.  L.T. 
4  T.  L.T. 


64 

Section  D.     4  threads  32  picks  C3.     4  T.  L.T. 

4       ,,  8  ,,  CI. 

4       ,,  8  ,,  C3.     4  T.  L.T. 

4       ,,  4  ,,  CI. 

4       ,,  4  ,,  C3.     4  T.  L.T. 

4       ..  8  ,.  CI. 


64 
Section  E.     8  threads     40  picks  CI. 
8       ,,  8     ,,        C3. 

8       ,,  4     ,,        CI. 

8       .,  4     ,,        C3. 

8       .,  8     ,,        CI. 


4  T.  L.T. 
4  T.  L.T. 


64 
Section  F.     8  threads       8  picks  CI. 
8       ,,  8     ,,        C3. 

8       ,,  4     ,,        CI. 

8       ,,  4     ,,        C3. 

8       .,  40     ,,        CI. 


4  T.  L.T. 
4  T.  L.T. 


64 
Section  G.     8  threads       8  picks  CI. 

8       ,.  8     ..        C3. 


4 

4 

8 

32 


CI. 
C3. 
CI. 
C3. 


4  T.  L.T. 
4  T.  L.T. 
4  T.  L.T. 


Section  H. 


4  threads 

4       „ 
4       ,, 
4 
4       .. 


64 

8  picks  CI. 

8     ,,        C3. 

4     ,,        CI. 

4     ,,        C3. 
40     ..        CI. 


4  T.  L.T. 
4  T.  L.T. 


64 
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Section 

I. 

4  threads 

4       ,, 

8  picks  CI. 
8     ,,        C3. 

4  T. 

L.T. 

4       ,, 
4       ,, 

4     ,,         CI. 

4     ,,        C3. 

4  T. 

L.T. 

4       ,, 

4       ,, 

8     ,,        CI. 
32     ,,        C3. 

64 

4T. 

L.T. 

Section 

J. 

8  threads 

8       ,, 

8  picks  CI. 
8     ,,        C3. 

4  T. 

L.T. 

8       ,, 

8       ,, 

4     ,,        CI. 
4     ,,         C3. 

4T. 

L.T. 

8       ,, 

40     „        CI. 
64 

Note.     Mark  C3 

i-ed 

PROBLEM  39. 

Stripe.     Woolen  and  Worsted.     48  threads  x  64  picks. 

Section  A.     4  threads     64  picks  C2. 

Section  B.     2  threads     14  picks  C3.  2  T. 

^  32     ,,        CI.  3  1 . 

2      ',',  18     ,,        C3.  4  T. 

64 

Section  C.     4  threads     64  picks  C2.  3  T. 

Section  D.     2  threads     32  picks  C3.  4  T . 

2        ,  32     ,,        CI.  3  i. 

64 

Section  E.     4  threads    64  picks  C2. 

Section  F.     2  threads     22  piclcs  CI. 

o  32     ,,         C3.  3  i . 

2       !!  10     ,,        CI.  3T. 

64 

Section  G.     4  threads     64  picks  C2.  3  T. 

Section  H.     2  threads     |8  picks  C3.  3  T .^ 


o 


4     ,,        C3.     3T. 


64 

Section    L     4  threads     64  picks  C2. 

Section   J.     2  threads     14  picks  CI. 

2       ,,  32     ,,         C3.     3  i. 

2       ,,  18     ,,        CI.     3T. 

64 

Section  K.     4  threads     64  picks  C2.  3  T. 

Section  L.     2  threads     32  picks  CI.  -3  T. 

2       , ,             32     , ,        C3.  3  i . 

64 
Section  M.     4  threads     64  picks  C2. 
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Section  N.     2  threads     22  picks  C3. 

2       ,,  32     ,,         CI.     3  T. 

2       ,,  10     ,,        C3.     3  T. 

64 

Section  O.     4  threads     64  picks  C2.     3  T. 

Section  P.     2  threads     28  picks  CI.     3  T. 
2       „  32     ,,        C3.     3  T. 

2       „  4     ,,        CI.     3  T. 

64 

Note.     Mark  C3  red.     Mark  CI  g^reen. 

Arrangeinent  of  warp.  4  threads  olive,  1  black  and  scarlet,  1  black  and 
blue,  4  olive,  1  black  and  lavender,  1  black  and  yellow,  4  olive,  1  black  and 
scarlet,  1  black  and  blue. 

Filling-.     Black. 

PROBLEM  40. 

Stripe,  Worsted.     64  threads  x  16  picks. 

Section  A.     32  threads     16  picks     G126.     2  T.  4  P. 

Section  B.     32  threads     16  picks     G56.       8  T.  L.T. 
Note.     Mark  G56  red. 
Lavender  warp.     Olive  filling. 

PROBLEM  4L 

Broken  Plaid.     Woolen  and  Worsted.     64  threads  x  64  picks. 


Section  A.     14  threads     14  picks  C2. 


14       ,, 

2 

CI. 

3  P. 

14 

14     ]] 

C2. 

14       ,, 

2 

C3. 

3  P. 

14       ,, 

14     ,',' 

C2. 

14       ,, 

2 

CI. 

3  P. 

14       ,, 

14  !', 

C2. 

14       ,, 

2 
64 

C3. 

3  P. 

Section 

B. 

2  threads 

32  picks 

CI. 

3T. 

2 

32     ,, 
64 

C3. 

3  T. 

Section 

C. 

14  threads 

14  picks 

C2. 

14       ,, 

2 

C3. 

3  P. 

14       ,, 

14     ',', 

C2. 

14       ,, 

2 

C3. 

3  P. 

14       ,, 

14   ,'! 

C2. 

14       ,, 

2 

CI. 

3  P. 

14       ,, 

14     ,',' 

C2. 

14       ,, 

2     ,, 
64 

CI. 

3  P. 

Section 

D. 

2  threads 

16  picks 

CI. 

3  T. 

32     ,,        C3.     3  T. 
16     ,,        CI.     3  T. 


64 
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Section  E.  14  threads  14  picks  C2. 
14 
14 
14 
14 
14 
14 
14 


2 

C3. 

3  P. 

14  ,, 

C2. 

2 
14  ,',' 

CI. 
C2. 

3  P. 

-7 

C3. 

3  P. 

14  ,, 

C2. 

2  ,, 

CI. 

3  P. 

64 

Section  F.       2  threads     16  picks  C3.  3  T. 

2       ,,             32     ,,  CI.  3  T. 

2       ,,             16     ,,  C3.  3  T. 


64 


Section  G.     14  threads     14  picks  C2. 


14   ., 

2 

CI. 

3  P. 

14 

14 

C2. 

14   ,, 

2 

CI. 

3  P. 

14   ,, 

14 

C2. 

14   ,, 

2 

C3. 

3  P. 

14   ,, 

14 

C2. 

14   ,, 

2 
64 

C3. 

3  P. 

Section  H. 

2  threads 

32  r 

icks 

C3. 

3  T. 

64 

Note.     Mark  CI  green.     Mark  C3  red. 

Arrangement  of  warp.     14   sage,  2  black   and    scarlet,  14  sage,  2  black 
and  green. 

Arrangement  of  filling.     14  olive,  2  black  and  scarlet,  14  olive,  2  black 
and  green. 
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TEXTILE   ARITHHETIC. 

The   Relative  "Counts"  of  Yarn,  etc. 

There  have  been  many  difficulties  to  confront  the  inquirer 
after  the  construction  of  textile  fabrics  as  to  the  meaning-  of  the 
numerous  terms  used  in  the  designation  of  counts  of  yarns  and 
the  variety  of  those  terms  which  represent  the  same  meaning-, 
and  which  again  differ  in  the  various  sections  of  the  country, 
according-  to  the  individual  application  thereof. 

It  would  be  a  task,  utterly  impossible,  in  this  small  treatise 
to  explain  the  g-reat  variety  of  systems  in  this  country  alone, 
never  taking-  into  consideration  the  "legion"  that  abounds  in 
continental  Europe. 

Briefly  the  terms,  cut,  run,  hank,  count,  skein,  dram,  g-rain, 
etc.,  are  based  upon  two  elementary  principles,  viz.,  weig-ht  and 
leng-th,  literally  representing  a  given  length  of  yarn  for  a  fixed 
weight  and  vice  versa.  Unfortunately  for  a  common  understand- 
ing-, the  weight  is  movable  representing-  certain  leng-ths  of  yarn 
and  vice  versa,  as  a  universal  standard  has  not  yet  been  adopted. 
Hence  the  universal  confusion  which  exists  between  nations, 
countries,  states  and  districts  eng-agcd  in  the  same  identical 
industry  with  regard  to  their  methods  of  calculation.  The 
g-reatest  diversity,  no  doubt,  prevails  in  the  woolen  industry. 
In  the  United  States  we  have  woolen-cut,  run,  g-rain,  etc.,  and 
yet  all  are  reducible  to  one  common  and  easily  understood  basis. 
Of  the  advantage  to  be  g-ained  by  the  adoption  of  an  international 
standard  there  can  be  but  little  doubt.  The  universal  standard 
or  system  which  should  prevail  remains  a  problem  of  the  future. 

A  simple  method  would  be  1000  metres  as  the  unit  of  length 
to  be  called  count  or  number,  and  the  number  of  such  units 
which  weig-h  one  K  gram  should  be  taken  to  represent  the  count 
or  number  of  yarn.  By  this  method  the  counts  of  the  yarn 
would  always  show  at  a  glance  the  number  of  metres  per  g-ram  as 

No,  1      —  1000  metres  =  1  K   g 
No.  2      =  2000        „  ,,       ,, 

No.  2^  =  2500       ,,  ,,       ,,  etc.,  etc. 

The  most  rational  method  of  any  is  that  in  use  in  the  New 
Eng-land  States,  and   that  is,  that  No.  1  Yarn   Woolen  represents 
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100  yards  to  the  ounce  or  1600  yards  to  the  lb.  as  the  standard, 
and  as  many  yards  as  g-o  to  make  1  ounce  the  yarn  is  designated 
by  that  number.  The  yarn  is  spoken  of  as  so  many  hundred 
yards  to  the  ounce.     Thus  : 

No.  4      =  400      yards  to  the  ounce 

No.  AYz  =  450  ,,       ,,     ,, 

No.  5      =  500  ,,       ,,     ,, 

No.  5%  =  512.5      ,,      ,,     ,,       ,,  etc.,  etc. 

Therefore,  the  standard  weig-ht  is  1  ounce  Avoirdupois,  and  the 
number  of  yards  to  that  weig-ht  is  regulated  according-  to  re- 
quirements. 

Avoirdupois  weig-ht  is  used  in  measuring  ordinary  articles  of 

merchandise. 

Table 

16  drams  =:  1  oz,  (ounce) 
16  oz.  ^  1  lb.  (pound) 

28  lb.  =  1  qr.  (quarter) 

4  qr.         =  1  cwt.  (hundredweight) 
20  cwt.       =  1  ton  (long-  ton) 

Note  1.     The  long  ton  is  used   in  the  United  States  custom- 
houses and  the   mining  districts,  in  weighing  coal  and  iron,  but 
for  other  commodities  the  ton  of  2000  lbs.  or  short-ton  is  used. 
Note  2.     The  relation  of  Avoirdupois  weight  to  Troy  weig-ht 
may  be  seen  by  comparing  the  following  table  with  the  Troy  table. 
j\.  of  7000      grains  =  437)4.  grains  =  1  oz.  Av. 
yLof    437>4       „        =    27i.l       ,,        =  1  dram  Av. 

Note  3.  G2y2  lbs.  Avoirdupois  =  1000  oz.  the  weig-ht  of  a 
cubic  foot  of  distilled  water. 

Troy    Weight. 

24  gr.    =  1  pennyweight  (pwt.) 
20  pwt.=  1  oz. 
12  oz.      =  1  lb. 

Note  4.     The  Troy  pound    is  little    used,    g-old    and    silver 

bullion   are   sold    by   the   ounce  ;   gold  ornaments  by  the   peuny- 

weig-ht. 

Comparison  of   Weiglits. 

1  lb.  Troy  =  ill;'^  =  [i)  of  1  lb.  Avoirdupois 
1  oz.  Troy  =  -^^^j^.-r^^  ||?  of  1  oz.  Avoirdupois 

Exercise  1.  How  many  ounces  in  8  lb.  7  oz.  Av.?  in  37  lb,  13  oz.? 
in  548  lbs.  15  oz.?  in  ^  of  1  lb.?  in  s^  of  1  T.?  in  .325  of  a  long  ton? 

Exercise  2.  How  many  g-rains  in  2  lbs.  5  oz.?  in  H  of  1  lb.?  in 
.0875  of  1  lb? 
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Exercise  3. 
pound  numbers. 

Exercise  4. 
cents  a  pound? 

Exercise  5. 
part  of  a  ton? 


Chang-e  the  following"  simple  numbers  to  com- 
568  oz.  Av.  2825  g-r.    Troy;  7437.5  oz.  Av. 
What  is  the  cost  of  2  tons  of  woolen  wasre  at  3>^ 

2  lbs.  12  oz  is  what  part  of  1  T?  12  oz.  is  what 


Table  of   Relative   counts  of  Yarn. 

Woolen  No.  1  run 
,,  No.  1  cut 
,,       No.  1  skein 

=    560 

=    840 

=    300 

840 


=  1600  yards  per  lb.  Av.,  standard  No. 
=    300       ,, 
=    256       ,. 


Worsted  No.  1  count 
Cotton  No.  1  count 
Linen  No.  1  lea 
Spun  silk  No.  1  count 

Such  fibres  as  linen,  jute,  hemp  and  ramie  fibre  are  usually 
fig-ured  by  the  lea  of  300  yards  to  the  lb.  Av.  In  the  Grain 
System  the  weig-ht  in  "g-rains"  which  20  yards  weig^h  desig-nates 
the  counts. 

Thus  if  20  yards  weig-h  20,  25  or  30  g-rains  the  counts  would 
be  Nos.  20,  25  or  30  g-rain  yarn  respectively. 

Silk  Counts. 

Spun  silk  (a  term  given  to  silk  that  has  been  remanufactured 
or  respun  )  is  based  upon  the  same  system  as  cotton,  viz,  hank 
of  840  yards,  and  the  number  of  such  hanks  which  weig-h  1  lb. 
denote   the   counts. 

Dram  silk.  The  system  adopted  in  the  United  States  for 
specifying  the  size  of  silk  is  based  on  the  weig-ht  in  drams  (Av.) 
of  a  skein  containing  1000  yards,  a  skein,  thus  weig-hing-  5  drams, 
is  technically  called  5  dram  silk.  The  number  of  3'ards  of  1 
dram  silk  to  a  pound  must  according-ly  be  16x16  xlOOO  or  256000. 
(See  Avoirdupois  table.) 

Dram  silk  is  based  upon    20.000  yards  per  oz. 

Worsted  Counts. 

{length  and  weight  tables.) 
This  system  is   based  upon  the  hank  of  560  yards  and  the 
number  of  such  hanks  which  weig-h  1  lb.  equal  the  counts. 

No.  1  ==    560  yards  in  1  lb. 

2  =  1120       ,,       ,,  1  lb. 

3  =  1680      ,,       ,,  1  lb.  etc.,  etc. 

Cotton  Counts. 

Cotton  is  based  upon  the  hank  of  840  yards  and  the  number 
of  such  hanks  which  weig-h  1  lb.  denote  the  counts.  The  follow- 
ing tables  are    used  when   dealing  with   cotton   calculations. 
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Table  of  lengths  for  cotton. 

lyi  yards  =  the  circumference  of  reel,  or  1  wrap 
120      yards  =  1  lea,  or  80  wraps  of  the  reel 
840      yards  =  7  leas,  or  1  hank 

No.  1  cotton  =    840  yards  in  1  lb. 

2  ,,       =  1680       ,,       ,,  1  lb. 

3  ,,       =2520       ,,       ,,  1  lb.  etc.,  etc. 

Linen  and  other  like  fabrics,  such  as  jute,  hemp,  ramie  fibre 
and  China  g-rass  are  based  upon  the  lea  of  300  yards,  and  the 
number  of  such  leas  which  weigh  1  lb.  represents  the   counts. 

No.  1  =  300  yards  to  the  lb. 

2  =  600       ,,       ,,     ,,     ,, 

3  =  900      ,,       ,,    ,,     ,,  etc.,  etc. 

English  Woolen    or   Skein    System. 

This  system  is  based  upon  the  skein  of  256  yards,  and  the 
number  of  such  skeins  which  weig-h  1  lb.  equals  the  counts. 
In  Eng-land  the  yarn  is  spoken  of  as  so  many  yards  to  the  dram, 
or  so  many  skeins,  which  is  the  same  thing-  when  referring  to 
its  thickness.  Thus  :  6  skeins  or  6  yards,  to  the  dram  10  skeins 
or  10  yards  to  the  dram. 

No.  1  =  256  yards  to  the  lb. 

2  =  512       ,,       ,,     ,,     ,, 

3  =  768       ,,       ,,     ,,     ,, 

The  standard  weight  is  1  dram  Avoirdupois,  and  the  number 
of  yards  to  that  weight  is  regulated  according  to  requirements. 

Philadelphia  or  the  cut  system  is  based  upon  the  hank  of 
300  yards,  and  the  number  of  such  hanks  which  weigh  1  lb. 
represent  the   counts. 

No.  1  =  300  yards  to  the  lb, 

2  =  600       ,,        ,,     ,,   ,, 

3  =  900       ,,       ,,      ,,   ,, 

When  dealing  with  yarns  from  England  and  Scotland  each 
rural  district  has  its  individual  nomenclature  for  designating 
the  counts:  Galashiels  300  yds.  in  24  oz.  Hawick  300  yds.  in- 
26  ozs.  West  of  England  20  yds.  in  1  oz.  Yorkshire  skein  1536 
yds.  in  1  wartern  (which  equals  6  lbs.)  Halifax  the  number  of 
drams  80  yards  weigh. 

Exercise  6.  How  many  yards  of  yarn  in  1  lb.  each  No.  23 
cotton,  No.  5  run  woolen,  No.  32  worsted.  No.  22  lea  linen, 
No.  25  spun  silk? 

Exercise  7.  What  will  be  the  counts  of  the  following  yarns  : 
12600  yards  cotton  =  1  lb.  11200  yards  worsted  =  1  lb.  12000 
yards  linen  =  1  lb.   13440  yards  spun  silk  =  1   lb. 
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Exercise  8.  How  many  yards  per  lb.  of  silk  thread  are  there 
in  No.  4  dram  silk,  No.  5  dram  silk,  No.  3   dram  silk? 

Exercise  9.  Woolen  grain  system.  How  many  yards  per  lb. 
are  there  in  No.  7  gfrain  woolen  and  No.  5  grain  woolen? 

Exercise  10.  If  16800  yards  of  yarn  wcig-h  1  lb.  what  counts 
would  represent  this  leng-th  and  weig-ht  in  worsted,  cotton  and 
woolen? 

Exercise  11.  The  weig-ht  of  1680  yards  of  worsted  is  3  oz. 
What  is  the   counts? 

Exercise  12.  Find  the  respective  weights  of  800  yards,  4200 
yards  and  6300  yards,  of  («)  4-run  woolen,  (d)  No.  30  worsted, 
(c)  No.  30  cotton. 

Rule  1.  To  find  the  yards  in  1  lb.  of  any  g-iven  counts  of 
woolen  run,  woolen  cut,  worsted,  cottcn,  linen  and  spun  silk, 
multiply  the  standard  number  by  the  g^iven  counts. 

Example.  How  many  yards  in  No.  15  cotton,  3-run  woolen, 
20  worsted?  No.  15  cotton,  840  x  15  =  12600  yds.  3-run  woolen 
1600  X  3  =  4800   yds.      No.    20  worsted,   560  x  20  =  11200   yds. 

Exercise  13.  How  many  yards  in  18  lea  linen,  No.  40  spun 
silk,   No.  35    cotton  ? 

Rule  2.  To  find  the  weight  of  any  number  of  yards  of  a 
given  count  the  number  of  yards  being  given.  Divide  the  given 
number  of  yards  by  the  counts  x  the  standard  number. 

Example.  What  is  the  weight  of  107520  yards  of  No.  32 
cotton? 


=  4  lbs.,  Ans. 

??  X  ^jtp 

Exercise  14.  Find  the  weight  respectively  of  12400  yards 
of  30  worsted,  11960  yards  of  20  lea  linen  and  7200  yards  of 
4>^-run  woolen. 

It  is  often  necessary  to  require  the  weight  in  ounces  of  a 
small  number  of  yards. 

Rule  3.  Multiply  the  given  number  of  yards  by  16  and  divide 
by  the  counts  x  the  standard    number. 

Example.     What   is   the  weight  in    ounces  of   2800  yards  of 

No.   20  worsted? 

4 
Xi0 

=  4  oz.,  Ans. 

35 
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Exercise  15.  What  is  the  weig-ht  of  4.200  yds.  of  30  cotton, 
3G00  yards  of  32  worsted,    1850  yards  of  2  y^   run  woolen? 

The  woolen  run  system  is  the  most  simple  of  all  textile 
yarn  calculations,  as  100  yds.  per  oz.  =;  No.  1  run. 

Rule  4.  To  find  the  weight  in  ounces  of  a  given  number  of 
woolen  run  yarn.  Add  two  ciphers  to  the  counts  and  divide 
into  the  given    number  of  threads. 

Example.  What  is  the  weight  of  2700  yds.  of  2  run  woolen? 
13.5 

■ =  13.5  oz.,  Ans. 

Exercise  16.  What  will  1840  yds.  of  3;^-run,  2100  yds.  of  43^- 
run,  3640  yds.  of  3)^-run  woolen    weigh    respectively? 

Rule  5.  Grain  System.  To  find  the  counts  of  a  woolen 
thread  the  number  of  yards  and  weight  being  known.  (The 
weight  in  grains  which  20  yds.   weigh    designates  the  count  ) 

Multiply  the  given  weight  by  grains  in  1  lb.  x  20  yards,  divide 
by  the  given  number  of  yards  of  yarn. 

What  is  the  counts  of  28000  yds.   which   weig-h  4  lbs? 
i  X  /7P0P  X  20 

—  =  20  grain-s  per  20  yards.     20s  counts,  Ans. 


Exercise  17.  Find  the  counts  of  these  yarns:  14000  yds. 
weigh  3>4  lbs.,  37620  yds.  weigh  A)i  lbs..  29640  yds.  weigh  4  lbs. 

Hetric  Tables  and  Measurements. 

Linear  Measure.  WiiiGHTS. 

10mm  =  lcm  10mg'=lcg 

10  c    m  =  1  d   m  10  c    g  =  1  d  g 

10  d    m  =  1  M  10  d   g  =  1  g 

10  M       =  1  d    m  ""                             10  g       =  1  D  g 

10Dm  =  lHm  10Dg  =  lHg 

10Hm  =  lKm  10Hg  =  lKg 

The  Continental  method  for  worsted  is  based  upon  1000 
metres  per  kilog-ram,  c.  if..  No.  1  counts  contains  1000  x  1  metres. 
No.  2  counts  contains  1000  x  2  metres.  No.  3  counts  contains 
1000  x  3  metres,     etc.     etc. 

Table  of  Equivalents. 

1dm     =  3.937  inches 

1  oz.        =  28.35  grams 

1  oz.        =  437.5  grains 

1  gram  =  15.432  grains 

1  K  g     =  2.2046  lbs.  or  15,432.2  grains 

1  M         =  1.094  yards 

1  M         =  39.37  inches 

1000  M  =  1  Kg  or  2.2046  lbs.  worsted  yarn 

1000  M  =  1094  yards 
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Exercise  18.  {a)  What  is  a  d  m;  {b)  what  is  its  equivalent 
in  inches;  (c)  how  many  square  inches  in  one  square  dm;  {d) 
how  many  g-rams  in  1  oz  ;  {c)  how  many  grains  in  Ig-;  {/)  how 
many  lbs.  in  1kg-;  {g)  how  many  yards  in  1  metre;  {h)  how 
many  inches   in  1    metre  ;   (0  how  many  yards  in  1  k  m? 

Exercise  19.  How  many  metrics  of  No.  7  metric  worsted 
in  1  K  g,  7  H  g,  1  D  g  and  9  gms? 

Exercise  20.  What  is  the  weight  in  gms  of  439  metres  of 
No.  5.5  metric  worsted? 

Exercise  21.  What  is  the  difference  in  length  of  7.25  H  g  of 
No.  3.25  metric  worsted  and  5  D  g  of  No.  6.875  metric  worsted. 

In  the  metric  system  woolen  counts  are  based  on  the  same 
principle  as  worsted  counts,  that  is,  1000  gms.  The  same  holds 
true  with  cotton,  linen,  silk,  jute,  etc. 

It  will  be  seen  from  this  that  the  metric  system  possesses 
a  great  advantage  over  the  many  varied  systems  now  in  use, 
inasmuch  that  it  is  simpler  in  calculations,  decimals  doing  away 
with  the  more  complicated  fractions  of  the  so-called  English 
system,  (such  as  ^/s,  [§»  M  or  if)  etc.,  and  the  uniformity  of 
difference  between  K  g,  H  g,  D  g  and  so  on  rather  than  the 
complex  system  of  tons,  hundredweights,  pounds,  ounces,  drams 
and  grains. 

To  reduce  from  K  g  to  grains  in  the  metric  it  is  only  neces- 
sary to  multiply  the  given  number  by  1000,  while  to  reduce 
from  lbs.  to  drams  in  English  the  given  number  must  be  multi- 
plied by  16  X  16.  With  metric  numbers  the  difference  may  be 
easily  computed.  Taking  2.25  K  g  of  yarn  and  wishing  to  find 
the  weight  in  grams,  the  following  simple  process  is  all  that  is 

required  : 

2.25  X  1000  =  2250  grams. 

This  weight  approximately  represents  4  lb.,  8  oz.  and  wish- 
ing to  find  the  weight  in  drams  the  following  complicated  equation 

is  necessary: 

4.8  oz.  X  16  X  16  =  drams. 

Then  again  a  No.  1  in  the  English  system  equals  1600 
yds.  woolen,  560  yds.  worsted,  840  yds.  cotton,  300  yds.  linen, 
and  so  on  to  the  lb.,  while  in  the  metric  system  a  No.  1  count 
represents  1000  metres  to  the  K  g  in  each  an^l  every  variet}'  of 
yarn,  giving  a  simple    basis  of   comparison    between   the  yarns. 
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The  Continental  system  of  numbcrinj^  thrown  silk  is  based 
upon  the  hank  of  400  French  ells.  The  skein  or  hank  is  476 
metres,  or  520  yards,  and  the  weight  of  this  hank  in  deniers  rep- 
resents the  counts. 

533.33  deniers  equal  1  oz. 

If  1  hank  of  the  above  length  weighs  10  deniers,  the  counts 
equal  No.   10  denier. 

Approximately  No.  1  denier  =  533>^  x  520  =  277,332  yards  per  oz. 
533^^  X  520  ^-  40  =  6933>^  yards  per  oz.  No.  40  denier 
5333^x520^-60  =  4622%       „         ,,     ,,    No.  60  denier 

To  Change  the  Counts  of  Yarns. 

The  three  great  industries,  Woolen,  Worsted,  and  Cotton, 
are  becoming  more  and  more  amalgamated  in  their  applications. 
There  are  goods  composed  of  woolen  filling  and  cotton  warps; 
worsted  filling  and  cotton  warps;  woolen  and  worsted  filling  com- 
bined with  cotton  warps;  and  also  woolen  and  worsted  warps 
combined  with  cotton  and  woolen  fillings;  so  that  it  is  important 
that  the  calculations  pertaining  to  each  should  be  well  under- 
stood. The  line  of  the  calculations  in  this  work  has  been  directed 
towards  these  requirements.  There  may  be  shorter  methods  of 
calculation  which  may  be  used  by  those  fully  conversant  with  the 
different  particulars  concerning  textile  manufactures,  but  it 
matters  little  what  the  system  may  be,  if  only  simple  and  reliable. 

Changing  the  counts  of  one  system  of  yarn  into  the  equiva- 
lent of  another  system  of  yarn. 

Rule  6.  To  change  cotton  counts  into  woolen  runs.  Multiply 
840  by  the  known  cotton  counts  and  divide  by  1600,  the  standard 
of  yards  equaling  No.  1  run,  woolen. 

Exercise  22.  What  will  be  the  size  of  a  woolen  thread  equiv- 
alent to  a  No.  20 's  cotton? 

Rule  7.  To  change  cotton  counts  into  worsted  counts.  Mul- 
tiply 840  by  the  known  cotton  counts  and  divide  by  560,  the  stand- 
ard of  yards  equaling  No.  1  worsted  counts. 

Exercise  23.  What  will  be  the  equivalent  in  a  worsted  thread 
to  a  No.  30's  cotton? 

Rule  8.  To  change  woolen  runs  into  worsted  counts.  Mul- 
tiply 1600  by  the  known  woolen  runs  and  divide  by  560,  the  stand- 
ard of  yards  equaling  No.  1  worsted  counts. 

Exercise  24.  What  will  be  the  equivalent  in  a  worsted  thread 
to  a  7-run  woolen? 
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Rule  9.  To  chang-e  woolen  runs,  worsted  counts,  and  cotton 
counts  into  their  equivalents  in  linen  and  Philadelphia  counts. 
Multiply  b}'  the  woolen,  worsted,  or  cotton  standard  and  divide 
bv  300,  the  standard  of  yards  equaling-  No.  1  lea  linen  and  No.  1 
cut  woolen. 

Exercise  25.  What  will  be  the  equivalent  in  a  linen  thread  to 
a  3-run  woolen.  No.  20  worsted  and  No.  24  cotton? 

Grain  System. 

Rule  10.  To  chang-e  woolen,  worsted,  linen,  and  cotton 
counts  to  their  equivalents  in  the  g-rain  system.  Multiply  7000 
grains  by  20,  the  yards  representing  the  grain  standard,  and 
divide  by  the  standard  of  the  other  yarns. 

Example.     What  will  be  the  equivalent  in  the  grain  system  to 

a  number  of  20's  cotton? 

7000  X  ^0 

^  8.33  counts 


^0  X  840 
Exercise  26.     What  will  be  the  equivalent  in  the  grain  system 
of  the  following  yarns:  No.  24  worsted,  4-run  woolen,  16  lea  linen? 

Dram  System. 
Rule    11.     To    change    woolen,    worsted,   linen,   and    cotton 
counts   to   their   equivalents  in  the  dram  system.     Multiply  the 
given  weight  by  drams  per  lb.  x  the  yards  in  1  dram,  divided   by 
the  given  length  of  yarn. 

What  will  be   the  equivalent  in  the  dram  s\^stem  to  No.  30 

cotton? 

1  X  256  X  1000 


30  X  840 
Exercise  27.     Find  the  equivalent  in  the  dram  system  to  No. 
24  cotton,  4j<|-run  woolen,  30  worsted. 

Denier  System. 
Rule  12.     To  change  woolen,  worsted,  linen  and  cotton  counts 
to  their  equivalents  in  the  denier  system.     Multiply  the  yards  in 
1  hank   (520)  x  deniers  in   1  oz.   (533>^)   x  ounces  (16)  in   1   lb., 
divided  by  the  length  in  1  lb.  of  the  known  counts. 

Exercise   28.     What   will   be    the    equivalent    in    the    denier 
system  to  a  No.  30  worsted? 

Metric  System. 
Rule  13.     The  number  of  metres  in  1  kilogram  (1000),  multi- 
plied by  the  number  of  inches   (39.37)  in    1   metre,  will  give  the 
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total  inches.     This,  divided  by  the  inches  (36)  in  1  yard,  will  give 

the  total  yards,  and  a^ain  divided  by  the  weight  of  1  K  m  x  the 

standard  number  will  give  the  English  counts,  or  constant. 

Solution     1000  x  39.37 

=     .885  worsted  constant 


36  X  560  X  2.205 
1000  X  39.37 

36.840  X  2.205 
1000  X  39.37 

36  X  1600x2.205 
1000  X  39.37 


36  x300  X  2.205 


=     .590  cotton  and  spun  silk 

=     .3099  woolen,  say  .31 

=  1.653  linen,  and  woolen  cut 


The  English    .885  is  equal  to  a  No.  1  Metric  worsted 
,,  ,,  .590  ,,       ,,       ,,  ,,  1       ,,        cotton  or  spun  silk 

,,  ,,  .310  ,,       ,,       ,,  ,,  1       ,,        woolen 

,,  ,,         1.653  ,,       ,,       ,,  ,,  1       ,,        linen,  etc.,  etc. 

Proof        1  metre  =  1.094  yards.     1  kilogram  =  2.205  lbs. 
1000  metres  No.  1  =  1  kilogram  =  2.205  lbs. 
1000  metres  =  1094  yards 

1094    ~  2.205  =  496.1  yards  per  lb. 
496.1  -^      560  =    .885  worsted  constant 
496.1 --      840=    .590  cotton 
496.1  --    1600  =    .310  woolen 
496.1  —      300  =  1.653  linen 

Rule  14.  The  English  count,  divided  by  the  constant,  will 
give  the  metric  count. 

English  20  cotton  ^  .590  =  33.89  Metric  cotton 

Exercise  29.  Find  the  metric  counts  of  24  worsted,  6  run 
woolen,  18  linen. 

Rule  15.  The  metric  count,  multiplied  by  the  constant,  will 
give  the  English  count. 

.310  X  20  Metric  woolen  =  6.2  English  run  woolen 

Exercise  30.  Find  the  counts  in  English  of  23.6  cotton,  28.2 
worsted,  16  woolen,  metric. 

Twisted,  Ply,  and  Compound  Yarns. 

Yarns  spun  from  different  fibres  and  different  denominations 
are  frequently  twisted  together  for  decorative  purposes  as  well 
as  for  strength,  e.  i^:,  silk  to  cotton,  worsted  to  woolen,  etc.,  etc., 
and  also  since  yarns  spun  in  one  country  and  consigned  for  use 
in  other  countries  and  localities  where  a  different  system  of  num- 
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bering  of  yarn  is  adopted,  it  becomes  necessary  to  chang-e  any 

g-iven  number  into  an  equivalent  count  of  some  other  required 

denomination. 

Two-Ply  Yarns. 

Worsted  and  cotton  yarns  are  usually  numbered  according  to 
the  count  of  the  single  yarn,  with  the  number  of  ply,  threads,  or 
folds  put  on  the  left  or  before  it. 

Thus  2/40  or  2-40's  yarn  indicate  that  the  yarn  is  composed 
of  two  other  threads  of  No.  40's  sing-le,  making  a  twofold  or  two- 
ply  yarn  of  20  hanks  to  the  lb.,  and  must  be  taken  as  representing- 
20  times  840  yds,  cotton  yarn  to  the  lb.,  but  when  written  as  40's 
or  1/40  it  represents  40  hanks,  or  40  x  840  yds.  to  the  lb. 

Spun  silk  yarns  are  generally  two  or  more  ply,  and  the 
number  of  the  yarn  always  indicates  the  number  of  hanks  in  1  lb. 
The  number  of  ply  is  usually  written  after  the  hanks  per  lb. 
Thus  60/2  or  60's-2  spun  silk  indicates  that  the  yarn  is  60  hanks 
to  the  lb.  composed  of  two  threads  of  other  counts. 

Exercise  31.  Find  the  respective  weig-hts  of  6  yds.,  30  yds., 
150  yds.,  1120  yds.,  3600  yds.  (a)  woolen  run  3-run,  (/>»;  4  grain 
woolen,  (<:)  No.  12  woolen  cut,  (d)  No.  20  worsted,  (c)  No.  24 
cotton. 

Exercise  32.  The  weight  of  a  length  of  No.  32  worsted  yarn 
is  2  oz.,  what  is  its  length  ? 

Exercise  33.  If  320  hanks  of  worsted  weigh  12  lbs.  what  are 
the  counts? 

Exercise  34.  Change  the  following  into  cotton  counts:  80/2 
silk,  2/60  worsted.  No.  10  grain  woolen.  No.  40  linen. 

Exercise  35.  If  22,400  yds.  of  yarn  weigh  1  lb.,  what  counts 
would  represent  this  weight  and  length  in  cotton,  woolen  run, 
worsted,  linen,  and  grain  woolen? 

Woolen  yarns  are  usually  designated  double  and  twist  yarns. 
Thus,  6  run  black  and  white  D.  &  T.  would  mean  that  1  thread 
black  6  run  and  1  thread  white  6  run  has  been  doubled  and  twisted 
representing  a  thread  equivalent  to  a  3-run — the  take  up. 

From  the  foregoing  it  will  be  readily  perceived  that  when- 
ever a  certain  length  of  yarn  is  given  together  with  its  weight  (or 
other  data  sufficient  to  obtain  these  two  important  factors)  the 
counts  of  yarn  in  any  other  denomination  can  easily  be  found. 

Given  a  length  of  67,200  yds.  of  yarn,  the  weight  is  6  lbs., 
what  is  the  count  of  the  yarn  in  worsted? 

Then  67,200  -^      6  =  11,200  yards  per  lb. 

11,200  -^  560  =  No.  20  worsted  counts 
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Exercise  36.  Find  the  equivalent  counts  in  2/60  worsted  in 
cotton,  linen,  spun  silk  metric  and  woolen  g-rain  systems. 

Exercise  37.  Convert  the  following-  into  metric  counts:  No. 
36  worsted,  4^-run  woolen,  50  lea  linen,  25  cotton,  and  No.  60 
woolen  grain. 

Exercise  38.  What  is  the  difference  in  principle  of  counting- 
yarns  in  the  woolen  run  denominations  and  the  woolen  g-rain 
system? 

Exercise  39.  What  is  the  equivalent  counts  in  worsted  of  («) 
No.  21  metric  yarn  and  (d)  in  metric  of  No.  16  worsted  yarn? 

Exercise  40.  What  is  the  difference  in  desig-nation  of  two  or 
more  ply  spun  silk  yarn  as  compared  with  two  or  more  ply  cotton, 
worsted,  linen,  or  woolen? 

Exercise  41.  If  280  yds.  of  silk  yarn  weig-h  133^  drams,  what 
counts  in  worsted  would  represent  this  weight  and  leng-th? 

Exercise  42.  What  is  the  equivalent  count  of  No.  35  English 
worsted  in  metric  counts? 

Exercise  43.     Find  the  denier  counts  of  No.  1000  (yds.  per 

oz.)  tram  silk. 

Three  and  More  Ply  Twists. 

When  two  or  more  sing-le  threads  are  twisted  or  folded 
tog"ether  the  result  is  a  heavier  yarn.  It  is  necessary  then  to  find 
the  number  of  hanks  or  skeins  per  lb.  of  the  combined  thread,  but 
it  must  be  understood  that  two  threads  20  yards  long-  when 
twisted  together  will  be  much  shorter  than  the  original  two 
threads.  This  can  be  proved  by  twisting  two  threads  together 
of  a  given  length,  weighing  them,  and  again  measuring  the 
twisted  thread,  and  then  again  obtaining  two  threads  of  the 
original  yarn  of  the  exact  length  of  the  twisted  yarn  and  compar- 
ing their  weights,  This  process  is  known  as  finding  the 
equivalent  or  resultant  counts. 

Ply  yarns  composed  of  threads  of  equal  counts.  The  new 
count  is  found  by  dividing  the  given  counts  by  the  number  of  ply 
or  threads  twisted  together,  2-ply  60's  =  No.  30,  written  2/60  or 
2-60;  3-ply  60  =  20,  written  3/60  or  3-60;  4-ply  60  =  15,  written 
4/60  or  4-60. 

Supposing  there  is  no  variations  in  the  take  up  of  the  size  and 
length  of  each  yarn  during  twisting,  equal  length  of  each  material 
will  be  required. 

It  very  often  occurs  in  fancy  novelty  yarns  that  threads  of 
unequal  thickness  are  twisted  together.     If  a  No.  60  thread  and  a 
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No.  40  thread  are  twisted  tog"ether,  the  count  of  the  doubled 
thread  will  not  be  the  same  as  if  two  threads  of  No.  50  has  been 
twisted. 

For  the  purpose  of  illustrating-:  When  60  hanks  of  60  worsted 
are  used,  60  hanks  of  40  worsted  will  also  be  used,  and  when  these 
have  been  twisted  tog^ether  we  shall  have  only  60  hanks;  but  60 
hanks  of  the  former  count  weig^h  1  lb.,  while  60  hanks  of  the  latter 
1%  lbs.,  consequently  the  60  hanks  of  twisted  threads  equal 
2.5  lbs. 

The  above  may  be  stated  thus: — 

Rule  16.  The  product  of  the  g-iven  counts,  divided  by  their 
sum,  equal  the  new  count  of  twisted  yarn. 

60  X  40        2400 

=  ==  No.  24 


60      40  100 

Some  allowance  must  be  made  for  take  up  or  contraction  in 
twisting-,  but  this  will  vary  with  the  number  of  turns  per  inch  in 
the  yarn,  and  the  diameter  of  the  threads  is  a  factor  that  must  be 
considered  when  fig-uring  for  shrinkag-es. 

Take  up,  contraction  and  shrinkages  will  not  be  taken  into 
account  in  these  examples. 

Rule  17.  When  three  or  more  unequal  threads  are  twisted 
tog-ether,  the  counts  of  the  resulting-  twist  thread  may  be  found 
by  selecting-  the  highest  count  and  divide  it  by  itself  and  each  of 
the  g-iven  counts;  the  quotient  in  each  case  will  then  represent 
the  relative  weig-ht  of  each  thread  in  lbs.;  then  divide  the  hig-hest 
count  by  the  sum  of  the  quotients,  and  the  answer  will  equal  the 
new  count. 

Example.  Find  the  counts  of  a  3-ply  thread  composed  of  one 
thread  each  of  20's,  30's,  and  60's  cotton. 

60  --  60  =  1 

60  -=-  30  =  2  60  ~  6  =  No.  10' s  new  count 

60  -=-  20  =  3 

6 

Exercise  44.  Find  the  counts  of  a  3-ply  thread  composed  of 
one  thread  each  of  24's,  32's,  and  30's  worsted. 

It  is  obvious  that  when  threads  are  twisted  tog-ether  composed 
of  different  materials  it  will  be  necessary  to  first  reduce  all  to  the 
denomination  of  the  yarn  system  in  which  it  is  required. 
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Suppose  a  compound  twist  thread  is  made  up  of  I  thread  of 
24's  black  worsted,  1  thread  of  16  red  cotton,  and  1  thread  8 
gfreen  cotton.     Find  the  equivalent  counts  in  worsted. 

840  X  16  ==  13440  ^  560  =  24  worsted 
840  X  8=  6720  H- 560  =12 

24  ^  24  =  1 

24  ^  24  =  1       24  -^  4  =  6 

24  H-  12  =  2 


What  would  be  equal  in  a  single  woolen  thread   to  a  3-ply  yarn 
composed   of   No.   10.5-run  woolen,  No.  20's  cotton,  and   No.  30's 

worsted? 

840  X  20  =  16800  ^  1600  10.5 
560  X  30  =  1680  ^  1600  10.5 
10.5  -;-  3  =  No.  3.5  run  woolen 

Exercise  45.  If  a  thread  of  20's  and  a  thread  of  40's  sing-le 
worsted  be  twisted  tog^ether  what  will  be  the  resultant  counts? 

Exercise  46.  What  would  be  the  resultant  counts  of  (a)  30's 
and  60's  cotton  twisted  together,  (d)  of  30's  and  60's  linen  twisted 
tog-ether,  and  (c)  of  30's  and  60's  worsted  twisted  together? 

Exercise  47.  A  3-ply  thread  is  made  by  twisting  the  follow- 
ing yarns:  1  thread  10)4-run  woolen,  1  thread  30's  worsted,  1 
thread  20's  cotton.  What  would  be  the  equivalent  counts  of  the 
compound  thread  in  (^a)  single  cotton,  (/»)  woolen  cut,  (r)  a  single 
worsted,  and  (d)  a  woolen  run. 

Exercise  48.  Give  the  resulting  counts  of  36's,  45's,  and  54's 
worsted  yarn  twisted  together. 

Exercise  49.  How  many  hanks  would  there  be  in  1  lb.  of 
2-ply  yarn  made  by  twisting  1  thread  of  32's  cotton  and  1  thread 
44's  cotton  together? 

Exercise  50.  Given  36  metric  cotton  count,  find  the  equiva- 
lent counts  when  twisted  with  a  60/2  spun  silk,  the  answer  to  be 
in  American  cotton  counts. 

Exercise  51.  What  would  be  the  resulting  counts  in  spun 
silk  of  30's  worsted  and  20/2  spun  silk  twisted  together? 

Exercise  52.  Find  the  equivalent  counts  of  20's,  32's,  and 
50's  worsted  twisted  together. 

Exercise  53.  A  thread  is  composed  of  2  threads  40's  worsted 
and  1  thread  80/2  spun  silk.     Find  the  equivalent  counts  in  cotton. 

Exercise  54.  Find  the  resulting  counts  of  70's,  60's,  40's, 
and  20's  cotton  twisted  together. 
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Exercise  55.  Twist  tog-ether  a  2/100  metric  cotton  with  a 
No.  78  American  cotton  count.  Find  the  equivalent  count  in 
American  worsted. 

Exercise  56.  Find  the  resulting  count  of  No.  50's  and  No.  70 
metric  worsted  twisted  with  No.  30  and  No.  40  American  spun 
silk. 

Exercise   57.     How-   many   yards   in    1  lb.    hank    of    Eng-lish 
cotton  of  the  twist  composed  of  No.  50  and  No.  70  metric  cotton? 
Fancy  and  Novelty  Yarns. 

Novelty  yarns,  such  as  Knop,  Spiral,  Loop,  Corkscrew,  Chain, 
etc.,  are  made  from  various  lengths  of  thread,  and  consequently 
the  previous  rules  in  all  cases  will  not  apply.  If  there  is  no 
v^ariation  in  lengths  the  same  number  of  hanks  will  be  required  of 
each  kind  of  yarn,  but  when  leng-ths  vary  the  counts  of  the 
twisted  threads  will  also  vary  according-  to  the  several  modifica- 
tions of  take  up  in  the  material  used. 

If,  for  example,  we  wish  to  make  a  fancy  yarn  from  three 
different  counts  of  yarn,  say  No.  40's,  No.  30's,  and  No.  20's 
cotton,  the  take  up  in  each  case  being-  equal,  what  leng-th  and 
weight  of  each  material  is  necessary? 

Rule  18.  First  find  the  necessary  number  of  lbs.  of  each 
yarn  to  give  equal  length  (without  take  up),  select  the  highest 
count  from  one  of  the  given  counts,  divide  this  hig-hest  count  by 
the  count  of  each  of  the  others,  and  the  result  will  equal  the  rela- 
tive weight  required  of  each. 

40  ^  40  =  1  lb. 

(A)  40  -  30  =  VA 
40  ^  20  =  2 

The  respective  weig-hts  of  the  yarn,  multiplied  by  their 
counts,  will  g-ive  the  required  number  of  hanks  of  each. 

1  lb.  X  40  =  40  hanks 

(B)  VA      X  30  ==  40      „ 

2  X  20  =  40      ,, 

All  this  is  obvious,  that  is,  if  we  require  a  certain  leng-th  of 
twist  the  yarns  must  be  of  the  same  leng-th  whatever  the  counts; 
but  when  the  take  up  varies  the  conditions  are  more  or  less 
complicated. 

A  novelty  yarn  is  made  by  twisting-  2  threads  of  No.  40  red 
cotton,  1  thread  of  No.  30  green  cotton,  and  1  thread  No.  20  black 
cotton,  and  the  relative  leng-ths  of  material  used  are  7  in.,  5  in,,  and 
4  in.  respectively.  Find  the  count  of  the  combined  thread.  The 
last  thread  is  straight,  or  100%. 
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First,  find  the  take  up  of  each  yarn  by  dividing-  each  relative 
leng-th  by  the  straig-ht  or  100%  thread. 

No.  40's  =  7  -H  4  =  1%:   take  up 
(C)  30      =  5  --  4  =  1^      ,,     ,, 

20      =  4  -H  4  =  1  ,,     ,, 

The  number  of  hanks  of  each  (obtained  by  rule  A  and  B), 
multiplied  by  take  up  (obtained  by  rule  C),  will  give  the  number 
of  hanks  of  the  respective  yarns  necessary  for  the  twist  yarn. 

40  X  lU  =  70  hanks  of  No.  40 

40  X  114:   =  70       ,,         ,,  No,  40 

40  X  1>(  =  50       ,,         ,,  No.  30 

40  X  1       =40       ,,         ,,  No.  20 

And  these,  divided  by  their  relative  counts,  will  give  the  weig-htof 

each. 

70  hanks  -f-  40  =  1.75  lbs. 

70  ,,         -  40  =  1.75    ,, 

50  ,,         -  30  =  1.66    ,, 

40  ,,        --  20  =  2.00    ,, 

7.16    ,, 

The  number  of  hanks  necessary  for  equal  length,  divided  by 

the  sum  of  their  weig-hts,  will  g"ive  the  count  of  the  combined  or 

resultant  thread. 

40  -;-  7.16  =  5.58  count. 

To  prove,  find  the  length  of  each  yarn  in  one  hank  of  the 
novelty  yarn  thus: 

7  in.   No.   40's  =  840  x  1%   =  1470  yards 
7  in.   No.  40      =  840  x  1^  =  1470      ,, 
5  in.  No.  30      =  840  x  1%  =  1050      ,, 
4  in.  No.  20      =  840  x  1       =     840      „ 

The  weight  of  each  being- 
No.  40  =  1470  X  7000  --  40  x  840  =  306.25  grs. 
40  =  1470  X  7000  -^  40  X  840  =  306.25     ,. 
30  =  1050  X  7000  H-  30  X  840  =  291.66     ,, 
20  =     840  X  7000  -^  20  x  840  =  350.00     ,, 


1254.16     ,, 
If,   therefore,   1   hank   of    novelty   yarn   weighs   1254.16    the 
counts  will  be  7000  h-  1254.16  =  5.58  counts,  the  same  count  as 
given  in  the  above  example. 

Exercise  58.  A  loop  yarn  is  composed  of  2  threads  of  2/32 
white  cotton  and  1  thread  of  24's  red  worsted;  2  yards  of  worsted 
are  used  to  each  yard  used  of  2/32  cotton.  Find  how  many  hanks 
per  lb.  in  worsted  counts  of  the  loop  or  compound  thread. 
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Exercise  59.  A  novelty  yarn  is  made  up  of  2  threads  2/80 
white  cotton,  2  threads  1/40  red  cotton,  and  2  threads  of  2/100 
black  cotton,  the  relative  leng-ths  of  material  used  being-  8  in.,  9  in., 
and  4  in.,  respectively.  The  4  in.  thread  is  the  finished  leng-th. 
Find  the  count  of  the  compound  thread. 

Exercise  60.  A  loop  yarn  is  composed  of  2  threads  of  No. 
24's  lustre  worsted,  1  thread  of  2/40  red  cotton,  and  1  thread  No. 
8's  g-reen  cotton.  The  relative  leng-ths  of  material  used  are  24  in., 
12  in.,  and  10  in.,  respectively,  and  these  produce  9  ins.  of  finished 
loop  yarn.     Find  the  resultant  counts  in  cotton. 

Exercise  61.  A  novelty  yarn  is  made  up  of  2  threads  No. 
2/48's,  2  threads  1/35's,  and  2  threads  2/60  all  metric  cotton. 
The  relative  leng-ths  of  material  used  are  15  c  m,  1  d  m,  and 
8  c  m,  respectively,  and  these  produce  7  c  m  of  loop  yarn.  Find 
the  resultant  counts  in    American  cotton  system. 

Average  Counts. 

When  averag-e  counts  are  required,  it  is  assumed  that  the 
threads  are  contig-uous  in  the  woven  fabric  and  retain  their 
respective  individualities,  e.  «'.,  when  two  or  more  threads  of 
various  sizes  are  used  side  by  side  in  the  same  fabric,  it  is 
frequently  necessary  and  advantag-eous  to  determine  the  average 
counts  of  these  threads,  that  is,  the  count  of  the  threads  which 
will  represent  the  same  weig-ht  and  leng-th  for  the  combined 
number  of  several  yarns  employed  in  the  g-iven  woven  fabric. 
Suppose  a  cloth  is  woven  with  yarn  of  the  same  material  but 
with  yarn  of  different  counts,  eg-.,  a  cloth  is  woven  with  2  threads 
of  60's  cotton  and  1  thread  of  20's  cotton.  What  is  the  averag-e 
count? 

Rule  19.  Multiply  the  hig-h  count  by  the  number  of  threads 
of  each  count  in  one  repeat  of  the  pattern. 

60  X  2  ^  120  hanks 
60  X  1  =     60       ,, 

Divide  each  product  separately  by  the  g"iven  counts 

120  -^  60  =  2  lbs 
60  -^  20  =  3    ,, 

180  5    ,, 

Divide  sum  of   these    quotients  into   the  total    number  of  hanks 

180  -;-  5  =  36  averag-e  counts 

The  answer  equals  the  averag-e  counts. 
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Rule  20.  To  find  the  averag-e  counts  when  any  number  of 
threads  of  different  counts  are  used  in  the  same  cloth. 
Divide  the  product  of  their  counts  by  the  sum  of  the  unequal 
counts,  then  multiply  by  the  number  of  threads  in  one  repeat 
of  the  pattern.     The  answer  equals  the  average  counts. 

A  sample  is  composed  of  1  thread  of  black  No.  16*s  cotton 
and  1  thread  of  white  No.  40's  cotton.  B'ind  the  averag-e  counts. 
First  method. 


40  X 

1 

=  40 

40  X 

1 

=  40 
80 

40  -- 

40 

=  1, 

40  --- 

16 

=  2.5 

80 

3.5 

80  ^ 

36 

=  22.85 

average 

counts 

40  X  : 

16 

640 

=  -—  = 

113 

2-ply 

yarn 

Second  method. 


16  +  40  56 

This  represents  when  the  threads  are  made  into  a  compound 
thread,  and  if  made  from  equal  counts  of  yarn,  the  average 
would  be  22  6/7. 

The  threads  are  laid  side  by  side  in  the  pattern  and  each 
one  retains  its  individuality,  therefore,  the  averag-e  weight  of  the 
threads  is  half  of   the   compound    thread  or   double  the   counts. 

A  pattern  is  composed  of  2  threads  black  cotton  No.  40's 
and   1  thread   red  No.   16  cotton.     Find   the  average  counts. 

40  X  2  =  80 
40  X  1  =  40 

120 

80  --  40  =  2. 
40  --  16  =  2.5 

4.5 
120  ^  4.5  =  26.66  average 
40  --  40  =  1.0 


X  3  =  26.64  average. 


40  ^ 

40  =  1.0 

40  ~ 

16  =  2.5 

4.5 

40  - 

4.5  =  8.8 
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A  pattern  is  composed  of  4  threads  of  white  No.  80  cotton, 
2  tereads  black  No.  40  cotton  and  1  thread  red  No.  16  cotton. 
Find   the  averag-e  counts. 

80  --  80  =  1  X  4  threads  =  4 
80  ^  40  =  2  X  2         ,,  =4 

80  ^16  =  5x1         ,,  =5 

7  13 

80  X  7         560 

= =  43'^   average  counts. 

13  13 

Proof.  Find  the  weig-ht  of  hank  of  each  count  g^iven,  then 
find  the  weight  of  an  averag-e  hank  with  the  threads  in  the 
proportion    g"iven,  then    find  what  would  be  the    counts  of  that 

weig"ht. 

1  hank  of  80's  =  7000  h^  80  =     87.5  grains. 

1     ,,  ,,  40's  =  7000  ^  40  =  175.0 

1  ,,  „  16's  =  7000  ^  16  =  437.5 

80  =  87.5  X  4  =  350.0  grains. 

40  =  175.0  X  2  =  350.0   ,, 

16  =  437.5  X  1  =  437.5   ,, 


1137.5 

1137.5  -=-  7  =  162.5  grains  average. 
7000  grs.  -7-  162.5  =  43^3   average  counts. 

Exercise  62.  A  pattern  is  composed  of  4  threads  of  80's 
black  worsted,  3  of  60  white  and  1  of  16's  blue  worsted.  Find 
the  averag"e  count. 

Exercise  63.  Find  the  average  counts  of  a  cloth  made  al- 
ternately with   1  thread   16's  and   1  thread  32's  worsted. 

Exercise  64.  A  cloth  is  woven  with  1  pick  No.  24's  worsted 
and  1  pick  No.  24's  cotton.     What  is  the  averag-e  count  in  woolen? 

Unknown  Count  in  a  Compound  or  Twist  Thread. 

Occasionally  it  happens  that  a  manufacturer  or  spinner  has 
g"iven  to  him  the  counts  of  a  novelty  or  fancy  twist  yarn,  also 
one  or  more  of  the  threads  which  go  towards  its  composition. 
It  then  becomes  necessary  to  find  the  size  of  the  unknown  thread 
which,  together  with  the  counts,  make  the  required  compound 
twist  yarn. 

To  find  the  required  counts  of  a  singfle  yarn  to  be  twisted 
with  another,  the  counts  of  which  is  already  known  to  produce  a 
compound  or  twist  thread  of  a  known  count. 
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Rule  21.  Multiply  the  counts  of  the  known  sintfle  thread 
by  the  counts  of  the  compound  or  twist  thread  and  divide  the 
product  by  the  known  sing-le  thread  minus  the  known  counts 
of  the  compound  thread.  The  quotient  will  be  the  counts  of  the 
required  sing-le  thread. 

Example:  Having-  some  yarn  in  stock,  the  counts  of  which 
is  1/30  cotton,  and  wishing-  to  produce  a  compound  or  twist  thread 
equal  to  a  1/12  cotton.     Find  the  count  of  the  required   thread. 

30  X  12        360 

=  —  =  20's  required  thread. 

30  -   12  18 

Proof  30  X  20        600 

::= =  12  twist  or  compound  thread. 

30  -I-  20  50 

Exercise  65.  Having-  40's  cotton  yarn  and  wishing-  to  twist 
it  with  another  yarn  to  make  it  equal  to  24's.  Find  count  of 
required  thread. 

Exercise  66.  What  counts  should  be  twisted  with  20's 
worsted  to  make  it  equal  to  No.   12's  cotton? 

Exercise  67.  What  counts  woolen  should  be  twisted,  with 
a  2/60  cotton  to  make  a  twist   thread  equal  to  1/20  worsted? 

Exercise  68.  Required  the  counts  of  a  cotton  thread  to  be 
twisted  with  a  No.  80's  cotton,  to  produce  a  twist  or  compound 
thread  equal  to  a  2/60  cotton. 

Exercise  69.  What  will  be  the  count  of  a  single  worsted 
thread  to  twist  with  a  No.  3()'s  worsted  to  produce  a  compound 
thread  equal  to  a  No.  12's  worsted"'' 

Exercise  70.  Find  what  counts  twisted  with  No.  24  cotton 
would  produce  a  compound  thread  equal  to  a  No.  9  cotton. 

Exercise  71.  What  will  be  the  run  of  woolen  thread,  to  twist 
to  a  8  run,  to  produce  a  double  and   twist  thread  equal  to  a  6  run? 

Two  known  single  threads,  a  third  thread  is  required  to 
produce  a  known  compound   thread. 

In  the  cotton  trade,  worsted  and  silk  threads  are  twisted 
to  cotton. 

In  the  worsted  trade,  cotton  and  silk  threads  are  twisted  to 
worsted. 

In  the  woolen  trade,  cotton,  silk  and  worsted  threads  are 
twisted  to  woolen. 

For  the  cotton  trade,  transfer  the  worsted  and  silk  to  cotton 
counts. 
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For  the  worsted  trade,  transfer  the  cotton  and  silk  to  worsted 
counts. 

For  the  woolen  trade,  transfer  the  cotton,  silk  and  worsted 
to  woolen  numbers. 

Rule  22.  First  find  the  size  of  twist  of  the  two  known 
threads  then  proceed  as  in  previous  examples. 

Find  the  counts  of  the  third    thread  to  twist  with  a  1/30's 

cotton    thread,   and    a    1/60    cotton    thread    to   produce   a   3-ply 

thread  equal  to  a  No.   12  cotton. 

60  X  30         1800 

=  =  20's  cotton 

60  +  30  90 

20  X  12        240 

= =  30's  required. 

20-12  8 

Proof.     3-ply  twist,  Nos.  60,  30,    30. 


60  - 

-  60  =  1 

60  - 

-  30  =  2 

60  - 

-  30  =  2 

60  -^  5  =  12's  3-ply  thread. 


5 

Find    the    size    of    a  worsted   thread    to    twist   with  a  1/30's 

cotton  to  produce  a  2-ply  thread   equal  to  a  2/30  cotton. 

3^5  =  Tj  cotton. 

30  X  15         450 

= ^=  30's  cotton. 

30  -   15  15 

25200 

840  X  30  ^  =  45's  required  worsted  thread. 

560 

Exercise  72.  Find  the  size  of  a  sing-le  worsted  yarn  required 
to  produce  with  an  8-run  woolen  a  compound  thread  equal  to 
a  6-run  woolen. 

Exercise  73.  Required  the  count  of  a  spun  silk  thread  to 
twist  with  a  No.  20  cotton  and  No.  30  worsted  to  produce  a  3- 
ply  thread  equal  to  a  3^-run  woolen. 

Exercise  74.  A  loop  yarn  has  a  resultant  count  of  No.  4's 
cotton.  It  is  composed  of  2  threads  of  2/28  black  cotton  and 
1  thread  g"rey  worsted,  there  are  2  yards  of  this  last  thread 
used  to  each  yard  of  cotton.     Find   the   counts  of   the  worsted. 

Constants. 

In  figuring^  textiles  there  arc  many  numbers  which  constantly 
repeat  themselves,  thus  making  it  desirable  to  dispense  with  some 
of  them   by  cancelling  one  into  the  other,  for  instance: 
7000  H-  840.     7000  -^  1600.     7000    -^560,  etc.,  etc., 
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and  those  numbers  used  in  the  reverse  order  and  one  multii)lied 
or  divided  into  one  or  the  other  is  of  very  frequent  occurance. 
To  simplify  these  calculations  the  following-  constants  have  been 
worked  out. 

LONG    METHOD.  FIRST    CONSTANT.   SECOND   CONSTANT. 

Woolen  7000  h-  1600  =  4.375  -^  36  =  .1215  + 

Wor.^ted  7000  ~     560  =  12.5       -^  36  =  .3472  + 

Cotton  7000  -^     840  =  8.33     -f-  36  ^  .2314  + 

Linen  7000  -^     300  =  23.33     -^  36  =:  .648     + 

Woolen  1600  -i-  7000  =  .228  + 
Worsted  560  -^  7000  =  .08 

Cotton  840  -i-  7000  =  .12 

Linen  300  -^  7000  =  .043 

It  is  very  frequent  that  the  counts  of  a  very  small  portion 
of  yarn  is  required,  and  to  obtain  the  necessary  data  a  pair  of 
fine  g-rain  scales  is  one  of  the  most  used  and  needful  apparatus 
in  a  manufacturer's  and  designer's  office. 

Suppose  that  in  a  sample  of  woolen  cloth  there  are  40  threads 
per  inch  and  the  sample  is  2  inches  long-,  then  there  would  be 
40x2  =80  inches  of  yarn  and  these  threads  weig-h  2.5  g-rains. 
What  is  the  run  of   the  yarn? 

Rule  23.  Multiply  the  numl)er  of  inches  of  yarns  by  7000 
(the  grains  in  1  lb.)  and  divide  by  the  weight  (in  grains)  of  the 
yarn  x  the  standard  number  x  36.  The  answer  will  be  the  run 
of  the  yarn. 

80  X  7000 

^  3.88  run. 

2.5  X  1600  X  36 

Example.  If  a  sample  of  cotton  cloth  has  40  warp  threads 
in  one  inch  and  the  sample  is  only  1  inch  long-  and  the  yarn 
weighs  2.5  grains.      What  is  the  count? 

40  X  7000 

=  No.  3.7037 

2.5  X  840  X  36 

Explanation. 

As  there  are  7000  grains  in  1  11).  ;md  840  yds.  of  No.  1  yarn 
in  1  lb.  7000  -^  840  g-ives  us  the  number  of  g-rains  in  1  yd.  of 
No.  1  yarn,  or  8  ys  grains.  The  constants,  as  we  have  40  warp 
threads  per  inch,  8  y'i  grains,  multiplied  l)y  40  g-ivcs  us  the 
weight  in  g-rains  of  one  running  yard  of  No.  1  warp,  1  inch  in 
width  or  333  ^'^   grams. 

As  1  in.  X  1  in.  of  warp  weighs  2.5  grains,  one  running  yd.  1  in. 
wide  would  weigh   2.5  x  36  =  90  grains.     Now  as  90  g-rains  is  the 
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actual  weig-ht  of  the  yarn  and  333  ys  grains  the  weight  of  an 
equal  quantity  of  No.  1  yarn,  the  number  of  our  warp  yarn 
would  be  the  number  of  times  the  weig-ht  of  the  No.  1  yarn  is 
greater  than  our  yarn,  or 

333.33  ^  90  =  3.7037  cotton  counts. 
Example:     Supposing-  12  threads  worsted  were  obtained  each 
3  inches  long- ( 1  yard)  and    these  weigh    1   grain,  what   are   the 
counts? 

7000 

=  12.5  fjrains,  the  weig-ht  of  1  yard  of  No.  1  worsted. 

560 

Therefore,  if  1  yd.  of  yarn  weig"hs  12  /4  grains,  the  counts  are 
Vs  or  if  2,  3,  4  or  5  yards  weig-h  12  }4  g-rains,  the  counts  are 
2,  3.  4  or  5's  respectively,  or  the  number  of  yards  of  yarn  which 
weigh  12  1/2  g-rains  equal  the  counts  in  worsted. 

Then  the  counts  in  the  above  example  would  be  No.  12  ^, 
because   12  ^2   yards  would    be   required    to  weig-h    12  >^    grains. 

The  use  of  the  constants. 

If  48  inches  of  woolen  yarn  w^eights  2  g-rains  what  is  the  run? 
Long  riethod  Woolen. 


48  X  7000 
2  X  1600  X  36 

1600 

2 


3200 
36 


48 
7000 

336000 


19200 
9600 

115200 


FIRST    CONSTANT. 

48  X  4.375 


2  X  36 


115200)336000.00(2.916  run,  say  2.9  run 
230400 


1056000 
1036800 

192000 
115200 


768000 
691200 

768000 
691200 

76800 

4.375 
48 

35000 
17500 


36 

2 

72 


72)210.000(2.916 
144 

660 

648 


120 
72 

480 
432 


48 
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SECOND   CONSTANT. 

48  X  1215  .1215 
48 

2  

9720 
4860 

2)5.8320 

2.916 

CANCELLATION. 

24 

i^  X  .1215  .1215 

24 

?  

4860 

2430 
2.9160 
If  75  inches  of  worsted  yarn  =  2.5  g^rains,  what  is  the  count? 

LONG    METHOD. 

75  X  7000 

=  10.416 

2.5  X  36  X  560 

FIRST    CONSTANT. 

75  X  12.5 

=  10.416 

2.5  X  36 

SECOND   CONSTANT. 

75  X  .3472 

=  10.416 

2.5 

CANCELLATION. 
30 

7^  X  .3472 

=  30  X  .3472  =  10.416 

If  %  inches  of  cotton  yarn  =  2  grains,  what  is  the  count? 

LONG    METHOD. 

96  X  7000 

=  11.10 

2  X  840  X  36 

FIRST    CONSTANT. 

96  X  8.33 

=  11.10 

2  X  36 

SH;C0ND   CONSTANT. 

96  X  .2314 
=-  11.10 

2 

CANCELLATION. 

.     48 

9^  X  .2314 

=  48  X  .2314  =  11.10 
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Work  out  each  exercise  by  all  the  four  methods. 

Exercise  75.  If  the  warp  yarn  in  1  inch  x  1  inch  of  woolen 
cloth  weighs  2  g-rains,  and  there  are  60  threads  per  inch,  what  is 
the  run  of  the  yarn? 

Exercise  76.  If  44  inches  of  cotton  yarn  =  1  >^  g^rains,  what 
is  the  counts  of  the  yarn? 

Exercise  77.  If  60  inches  of  worsted  yarn  =  1.2  grains,  what 
is  the  counts  of  the  yarn? 

Exercise  78.  If  1  sq.  inch  =  1.9  g-rains  38  threads  per  inch 
in  the  warp  worsted  =  1  g^rain,  30  picks  per  inch  =  .9  grains, 
15  inches  cotton  ^  .3  g-rains,  15  inches  worsted  =  .6  g^rains,  what 
are  the  counts  of  each  yarn? 

Exercise  79.  Fifty  inch  print  cotton  warp=.8g-rs.  80  inch  blue 
cotton  warp  =  1.4  g-rs.  100  inch  purple  cotton  filling-  =  1.2  g-rs. 
140  inch  yellow  spun  silk  =  .5  grs.  90  inch  brown  worsted  fill- 
ing-=  1.7  grs.     What  are  the  counts  of  each  yarn? 


SPECIFICATIONS  FOR  WORSTED  AND 
WOOLEN  FABRICS. 

(a)  Method  of  fig-uring-  texture  and  weight  of  finished 
cloth. 

The  texture  of  a  finished  cloth  is  governed  by  the  diameter 
of  the  finished  yarn  and  the  weave  used  to  give  the  desired 
effect  to  the  fabric.  When  the  counts  of  the  finished  yarn  are 
unknown,  the  counts  of  the  yarn  in  the  loom,  are  multiplied  by  the 
total  warp  or  filling  shrinkage  percentage.  This  will  give  the 
required  counts  of  the  finished  yarn.  If  the  counts  of  the 
finished  yarn  are  known,  the  process  of  finding  the  texture  of 
the  finished  cloth  is  as  follows: 

Example  1.  A  fabric  is  required  2/36  worsted  finished  warp 
and  filling  counts,  weave  cassimere  twill.  Warp  dressed  black 
6,  red  2,  black  12,  white  2,  black  6  =  28  threads  in  pattern. 
Filling  solid  black.  Find  the  texture  of  the  finished  cloth,  weight 
of  finished  warp  and  filling  in  one  yard  of  finished  cloth. 

First  find  the  texture  of  the  finished  cloth.  Multiply  the 
finished  counts  by  the  standard  number  of  the  given  yarn,  and 
extract  the  square  root  of  the  result.     This  will  give  the  number 


DESIGN  TEXTS.  179 


of  smooth,  solid  cylinders  of  the  same  diameter  as  the  yarn  in 
one  inch.  The  fibres  of  the  several  varieties  of  yarn  extend 
more  or  less  from  the  yarn,  the  amount  varying  according-  to 
the  quality  of  the  yarn  or  turns  per  inch.  B'or  this  reason  a 
certain  percentage  must  be  allowed  for  the  decrease  in  the 
number  of  threads  that  will  lay  side  by  side  in  one  inch.  Upon 
examination  of  a  wool,  worsted,  cotton  or  silk  thread,  it  may  be 
seen  that  the  wool  yarn  is  the  roughest,  worsted  a  trifle  smoother 
than  wool,  cotton  smoother  than  worsted  and  the  silk  thread 
comparatively  smooth  and  resembling  the  solid  cylinder  used  as 
the  basis  of  calculation.  The  approximate  percentages  allowed 
are  wool  16,  worsted  10,  cotton  7  and  silk  4. 

The  number  of  threads  of  2/36  worsted    that  will  lay  side 
by  side  in  one  inch  is  found  by  the  following   formulae: 
^2^  =  single  18.     18  x  560  =  10080.     VTooso  =  100.39 

100.39  cylinders  side  by  side  in  one  inch. 

100.39  —  10%  =  90.36  threads  of  3^  side  by  side  in  one  inch 

Dividing  this  result  by  2  gives  the  number  of  threads  per  inch 

of  2/36  worsted  in  plain  weave. 

90.36  ^  2  =  45.18  threads  plain  weave,   finished  cloth 
This   result   multiplied  by  the   number  of   units  of   plain  weave 
and    the  product  divided    by  the  number   of    units  in  an   equal 
number  of  threads  of  the  required  weave  will  give  the  number 
of  threads  per  inch  of  the   required  weave   in  finished  cloth. 

Units  in  4  threads  of  plain  weave,  8 

Units  in  4  threads  of  cassimere  twill,  6 

45.18  X  8  -^  6  =  60.24  threads  per  inch  cassimere  twill. 

The  general  rule  is  to  use  the  nearest  whole  number  for  the 
threads  per  inch.  In  this  case  the  threads  per  inch  for  a  finished 
fabric  2/36  worsted  finished  counts,  cassimere  twill  is  60.  The 
number  of  picks  per  inch  is  approximately  the  same. 

The  weight  of  finished  warp  and  filling  in  one  yard  of  cloth 
is  found  by  the  regular  analysis  method.  Multiply  the  counts 
by  the  standard  number  to  find  the  number  of  yards  in  one 
pound. 

Dividing  the  number  of  yards  of  each  color  of  warp  or  filling 
in  one  yard  of  finished  cloth  by  this  length  gives  the  weight  of 
each  color  in  pounds.  To  find  the  weight  in  ounces  multiply 
the  result  or  weight  in  pounds  by  16  the  number  of  ounces  in 
one  pound.  The  fabric  is  56  inches  wide  finished,  inside  sel- 
vedges, 60  threads  and  60  picks  per  inch  finished.     To  find  the 
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number  of  yards  of  warp  or  filling-  in  one  yard  of  the  finished 
fabric  multiply  the  width    by  the   number  of  threads  or   picks 

per  inch. 

60  X  56  ^  3360  yards  of  finished  warp. 
60  X  56  =  3360  yards  of  finished   filling. 

To  find  the  yards  of  each  color  divide  the  number  of  threads 
in  warp  or  picks  in  filling-  by  the  threads  or  picks  in  a  pattern. 
This  will  give  the  number  of  patterns.  The  number  of  patterns 
multiplied  by  the  threads  or  picks  of  each  color  in  a  pattern 
will  give  the  number  of  yards  of  each  color  in  one  yard  of  cloth. 

3360  -=-  28  =  120  patterns  in  warp. 

Filling  solid  black. 


Warp.  Black       24     24  x  120  x  16 

Ked  2      2  X  120  X  16 


18  X  560  =-     4.571  oz. 
18  X  560  =       .381  oz. 


White         2       2  X  120  X  16  ^  18  X  560  =       .381  oz. 

5.333  oz. 
Filling.     Black  solid.     3360  x  16  -^  18  x  560  =  5.333  oz. 

Weight  of  one  yard  finished  cloth  10.666  oz. 

Shrinkages. 

Woolen  and  worsted  fabrics  are  figured  by  shrinkage  per- 
centages. Before  commencing  the  subject  of  figuring-  weights 
or  counts  of  yarn,  the  principles  of  shrinkag-e  and  their  effect 
upon  the  fabric  during  the  various  processes  of  manufacture 
must  be   understood. 

When  a  warp  is  put  in  the  loom,  or  is  on  the  warp  beam, 
it  is  at  its  longest  length,  and  under  a  certain  amount  of  tension. 
The  warp  counts  are  the  finest  at  this  stage,  and  the  vvcig-ht 
per  yard  the  lightest.  The  warp  is  interwoven  by  the  filling, 
the  fabric  wound  on  the  cloth  roll  and  taking  from  the  loom. 
During  this  process  the  tension  of  the  loom  has  been  released 
and  the  warp  wrapping-  more  or  less  around  the  filling-  shortens 
the  warp.  The  weight  per  yard  and  the  diameter  of  the  warp 
yarn  have  increased  in  proportion  to  the  weaving-  percentage. 
These  differences  are  caused  by  what  is  commonly  termed  the 
weaving-  percentage.  The  fabric  is  then  subjected  to  the  various 
finishing  processes  which  shrink  the  cloth  in  length,  increase 
the  diameter  of  the  warp  yarn  and  increase  the  number  of  picks 
per  inch.  The  filling-  percentage  influences  the  width  of  the 
cloth,  making  the  finished  width  narrower,  and  the  diameter  of 
the  filling  g-reater  in  the  finished  cloth. 

Total  warp  percentage:  Diameter  of  finished  warp  yarn 
increased  from  the  yarn  on  warp  beam,  and  length  of  finished 
cloth  decreased  from  the  dressed  length. 
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Weaving  percentage:  Diameter  of  warp  yarn  in  woven  cloth 
increased  from  yarn  on  warp  beam,  weig-ht  of  woven  cloth  per 
yard  increased,  leng-th  of  woven   cloth   decreased. 

Finishing  percentage :  Weig"ht  per  yard  of  finished  cloth 
and  diameter  of  finished  warp  yarn  increased  from  woven.  Picks 
per  inch  in  finished  cloth   increased   from  woven. 

filling  percentage:  Diameter  of  filling- yarn  and  threads  per 
inch  in  the  finished  cloth  increased.  Width  of  finished  cloth  de- 
creased  from  woven. 

The  above  are  given  from  loom  to  finished  cloth.  For  finished 
to  loom  the  reverse  is  true. 

Example  2.  378  yards  of  woven  cloth  have  lost  5  >^  %  in 
weaving,  and  finished  to  321.3  yards  in  length.  Find  the  length 
on  warp  beam,  finishing  and  total  percentages. 

378  yards  of  woven  cloth  represent  a  loss  of  5>^%  of  the  orig^inal 

length,     100  —  5>^%  =  94  %%. 
378  yards  represent  9^%%  of  the  length  on  the  warp  beam. 
378  -r-  .945  =  400  yards  length  on  the  warp  beam. 
Length  of  woven  cloth  378  yards,   finished  cloth  321.3  yards. 
Loss  in  length  378  —  321.3  =  56.7  yards. 
Loss  in  percentage  56.7  -^  378  =  .15  or  15%  finishing. 
Length  of  warp  on  warp  beam  400  yards,   finished  321.3  yards. 
Loss  in  length  400  —  321.3  =  78.7  yards. 
Loss  in  percentage  78.7  -^  400  =  .1967  or  19.67%  total. 
To  prove  the  above  percentages  subtract  both  weaving  and 
finishing  percentages  from  100  and  multiply  the  results. 
100  —  S>4  =  94;^ 
100  —  15  =-  85 

.945  X  .85  =  .80325  or  80.325 
Subtracting    this    result   from  100  should    prove    the    total 

percentage. 

100  —  80.325  =  19.675%  total  warp. 

The  greatest  length  or  width  is  considered  100%  in  shrink- 
age and  all  calculations  for  shrinkage  percentage  are  figured  on 
that  principle. 

The  finishing  percentage  applies  to  the  woven  leng-th,  not 
to  the  length  on  warp  beam  and  accounts  for  the  fact  that  the 
weaving  and  finishing  percentages  added  do  not  equal  the  total 
percentage. 

Example  3.  A  warp  64  inches  wide  in  the  loom  is  55  inches 
wide  finished.     Find  the  percentages  of  take  up  and  shrinkage. 

Finished  width  is  always  inside  selvedges,  and  loom  width 
including   selvedges,  unless  stated  otherwise.     For  that  reason 
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one  inch  for  selvedg-es  must  be  added  to  the  finished  width  to 
place  both  widths  on  the  same  basis.  55  +  1  =  56  inches  finished 
width. 

64  —  56  ^  8  inches  loss,  caused  by  the  filling-,  therefore  filling 
percentag-e  loss. 

Dividing-  this  loss  by  the  loom  width  will  gfive  the  shrinkag-e 
percentage,  or  dividing-  by  the  finished  width  will  g-ive  the  take- 
up  percentage.  In  shrinkage  loom  length,  width  or  counts  equal 
100%.  In  take  up  finished  leng-th,  width  or  counts  equal  100%. 
The  loss  in  width  divided  by  the  loom  width  gives  the  shrinkag-e 
percentag-e,  or  the  loss  divided  by  the  finished  width  g-ives  the 
take  up  percentag-e. 

8  -^  64  =  12>^%  shrinkage.     8  ^  56  =  14f%  take  up 

The  method  of  fig-uring-  for  a  finished  cloth,  from  certain 
sizes  of  yarn  on   hand  is  as  follows: 

Example  4.  A  fabric  is  woven  from  4.5  run  warp  5  run 
filling-,  56  threads  and  64  picks  per  inch  finished.  Finished  width 
inside  selvedges,  56  inches.  Add  1  inch  for  selvedg-es.  Per- 
centages warp:  total  17  ^,  weaving-  6,  finishing  12^'<2.  Filling  10%. 
Reed,  2  in  a  dent.  Weave,  cassimere  twill,  selvedg-es  plain.  Warp 
250  yds.  long  on  warp  beam.  All  calculations  to  be  fig-ured 
including  selvedg-es. 

The  requirements  for  the  specifications  are  as  follows  : 

(a)  Run  of  yarn  in  finished  cloth. 

(b)  Threads  and  picks  per  inch  in  loom. 

(c)  Length  of  woven  and  finished  cloth. 

(d)  Weight  of  1  yard  of  finished  cloth. 

(e)  Weight  of  warp  yarn  in  1  yard  on  warp  beam. 

(f)  Weight  of  warp   yarn  in  1  yard  on  cloth  roll. 
(g^)  Width  in  loom  and  reed. 

(h)  Weight  of  filling  yarn  in  1  yard  on  cloth  roll. 

(i)  Weight  of  required  length  of  warp  on  warp  beam, 

(j)  Weight  of  required  length  on  cloth    roll, 

(k)  Weight  of  required  length  of   finished  cloth. 

(1)  Number  of  heddles  on  each  harness. 

(rt)     Run  of  yarn  in  the  finished  cloth. 

The  g-iven  run  of  warp  is  at  the  warp  beam,  and  for  the 
filling-  in  the  shuttle.  To  find  the  finished  warp  counts  multiply 
the  g-iven  run  by  the  total  warp  percentag-e,  for  both  weaving- 
and  finishing  influence  the  size  of  the  orig-Jnal  warp  making  the 
diameter  of  the  finished  yarn  larger,  and  the  number  represent- 
ing the  size  less.     To  find   the  size  of   the   finished  filling  yarn 
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multiply  by  the  filling-  percentage,  this  pei'centag-e  influencing- 
the  size  of  the  yarn  and  acting  in  a  similar  manner  as  the  total 
warp  on   the  warp  yarn. 

4.5  X  .8225  =  3.701  finished  warp. 

5  X  .90  ==  4.5  finished  filling. 

(d)  Threads  and  picks  per  inch  in  loom. 
The  number  of  threads  per  inch  is  influenced  by  the  filling 
percentag-e,  the  filling-  controlling  the  width  of  the  cloth.  The 
number  of  threads  in  the  loom  will  be  less  than  in  the  finished 
cloth,  therefore,  multiply  the  finished  threads  per  inch  by  the 
filling  percentag-e. 

56  X  .90  =  50.4  threads  per  inch  in  loom. 
The  finishing-  process  controls  the  number  of  picks  per  inch. 
As  the   number  of    picks   per  inch   in   loom    will   be  less   than 
in  the  finished  cloth,  multiply  the  pick  per  inch  in  finished  cloth 
by  the  finishing-  percentage. 

64  X  .875  =  56  picks  per  inch  in  lootn. 
{c)  Length  of  woven  and  finished  cloth. 
The  leng-th  of  woven  cloth  is  decreased  by  the  weaving  per- 
centag-e. From  the  woven  to  the  finished  cloth  the  leng-th  is 
decreased  by  the  finishing-  percentag-e.  To  find  the  length  of 
the  woven  cloth  multiply  the  leng-th  on  warp  beam  by  the  weav- 
ing- percentage. 

250  X  .94  =  235  yards  leng-th  of  woven  cloth. 
The  leng-th  of  finished  cloth  is  found  by  multiplying  the  length 
of  woven  cloth  by  the  finishing-  percentage. 

235  X  .875  =  205.625  yards  length  of  finished  cloth. 
{d)     Weig-ht  of  1  yard  of  finished  cloth  (including  selvedg^es). 
Width  including  selvedges  57  inches. 
Finished   warp  run,    3.701,  finished   filling-  run  4.5,   56 

threads  and  64  picks  per  inch   finished  cloth. 
Warp.         57  x  56  x  16  h-  3.701  x  1600  =  8.624  ounces. 
Filling.     57  x  64  x  16  -=-  4.5  x  1600      =  8.106  ounces. 


Weight  of  1  yard  finished  16.730  ounces. 

(e)     Weight  of  warp  yarn  in  1  yard  on  warp  beam. 

Width  including  selvedg-es,  57  inches. 

Loom  run  of  warp  4.5 

Formula.        57  x  56  x  16  ^  4.5  x  1600  =  7.093  ounces. 
(/)     Weight  of  warp  yarn  in  1  yard  on   cloth  roll. 
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The  weight  of  warp  in  1  yard  on  cloth  roll  has  increased 
from  warp  in  1  yard  on  warp  beam  according-  to  the  weaving 
percentage.     Divide   the   weight  on  warp  beam  by  the  weaving 

percentage. 

7.093  -^  .94  =  7.545  ounces. 

This  result  may  be  proved  by  using  the  formula  at  (e) 
substituting  the  woven  counts  for  the  loom  counts. 

4.5  X  .94  =  4.23 

57  X  56  X  16  -=-  4.23  x  1600  =  7.546  ounces. 

{g)     Width  in  loom,  and  reed. 

The  width  in  loom  is  influenced  by  the   filling  percentage, 
and  is  wider  than  in  the  finished  cloth.     Divide  the  finished  width 
including  selvedges  by  the  filling  percentage. 
57  -^  .90  =  63.333  inches. 

The  total  number  of  threads  in  warp  divided  by  this  result  will 
give  the  number  of  threads  per  inch  in  loom. 

57  X  56  =  3192  -^  63.333  =  50.4  threads  per  inch. 
This  is   the   same   result  as   found   at   (<^)   by   multiplying    the 
number  of  threads  per  inch  finished  by  the  filling   percentage. 
Dividing  the  threads  per  inch  in  loom  by  the  threads  in  a  dent 
gives  the  number  of  dents  per  inch  or  the  reed. 

50.4  --  2  ==  25.2  reed. 

(//)     Weight  of  filling  yarn  in  1  yard  on  cloth  roll. 

The  width  at  the  reed  is  63  y^  inches.  The  number  of  picks 
per  inch  in  loom  56.  To  find  the  number  of  yards  of  fill- 
ing in  1  yard  on  the  cloth  roll  multiply  the  picks  per  inch  in  loom 
by  the  loom  width.  The  weight  of  filling  yarn  in  1  yard  of  cloth 
on  the  cloth  roll  is  found  by  the  same  principle  as  the  filling 
in  finished  cloth  substituting  loom  counts  for  finished  counts 
and  using  the  number  of  yards  of  filling  found  above. 

56  X  eV/j  X  16  -^  5  X  1600  =  7.093  ounces. 
Adding  the  weight  of  warp  and  filling  yarn   in  1  yard  of  cloth 
on  cloth  roll  gives   the  weight  of  1  yard. 

7.546  plus  7.093  =  14.639  ounces. 
Dividing    this    weight     by   the  finishing  percentage  (12>^)  will 
give  the  weight  after  finishing  the  cloth. 

14.639  -^  .875  =  16.730  ounces, 
which  proves  with  the  weight  of  1  yard  of  finished  cloth  found 
in  question  (d). 
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{{)     Weig-ht  of  required  length  of  warp  on  warp  beam. 

The  weight  of  warp  yarn  in  1  yard  on  the  warp  beam  is 
7.093  ozs.  Length  of  warp  on  warp  beam  250  yards.  The  weight 
required  is  therefore 

250  X  7.093  or  1773.25  oz.,  or  110  lbs.,  13.25  oz. 

(/)     Weight  of  required  length  on  cloth  roll. 

The  weight  required  on  the  cloth  roll  is  of  the  woven  cloth, 
therefore  the  weight  of  both  warp  and  filling  must  be  considered. 
Length  of  cloth  on  cloth  roll  235  yards.  Weight  of  warp  7.546  ozs. 
Filling  7.093  ozs. 

Warp.        235  x  7.546  =  1773.31  oz.,  or    110  lbs..  13.31  oz. 
Filling.    235  x  7.093  =  1666.85  oz.,  or  104  lbs.,     2.85  oz. 

Total.     235  x  14.639  =  3440.16  oz  ,  or  215  lbs.,         .16  oz. 

{k)     Weight  of  required  length  of  finished  cloth. 

Proceed  as  in  (/)  using  finished  length  and  weights.  Length 
of  finished  cloth  205.625  yards.  Weight  of  finished  warp  8.624 
oz.,   filling  8.106  oz. 

Warp.  205.625  x  8.624  =  1773.31  oz.,  or  110  lbs.,   13.31  oz. 

Filling.      205.625  x  8.106  =  1666.80  oz  ,  or  104  lbs.,     2.80  oz. 

Total.     205.625  x  16.73  =  3440.11  oz.,  or  225  lbs.,        .11 

(/)     Number  of  heddles  on  each  harness. 

Selvedges  are  generally  drawn  in  on  the  front  harnesses. 
As  the  selvedges  on  this  cloth  are  plain  two  harnesses  are  re- 
quired, 56  threads  of  selvedge.  56-^2  =  28  heddles  on  harnesses 
1  and  2.  Body  of  warp  56  inches  wide,  56  threads  per  inch,  weave 
cassimere  or  four  harness.  56x56^-4  =  784  heddles  on  harnesses 
3,  4,  5  and  6. 
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!■■■  ■IgD 

■■D  DBH 

HDB  DdId 


IDD 
DD 


97 

DB^D 

I  DDB 
■DD 
DDBB 

bddI 

DBBD 

■Idd 

yRgi 

GB^D 
BBDD 
DDBB 

106 

DDBD 
DBH 
DDBD 
BDDD 
DBDB 
DDBD 

IDDD 
BDB 
DDH 
DDBD 
DBDB 
BDDD 


BBDD 
DDDB 
BDDD 
DBBD 
BDDD 
DBDD 

Dyga 
yRgy 

DDBD 
DDDB 

107 

a  BDD 
DDD 
DD^ 
■D 
DD 
m 

Bmmu 
DDB 
DDDB 
DDBB 


99 

DBDB 
DDBD 

ddId 

■DHD 

■dId 

D|DB 

.!«D 

DD 

_DD 

ID^D 


dIi 


¥ 


idi 

"J 

DDH 
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117 

nBDD 

BDlll 

DlBD 
nODB 

■Ban 
nciDii 
man 

yggy 

nBcin 
126 


Hs§y 


^yP:y 

inDG 

dyiy 
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135 


JDDD 
GBDQ 

nana 
riiia 
nnin 

Bani 

Gain 
■|aa 

GlQP 

nnad 

DDDl 
nBDQ 

■nDB 
■ddd 

DBUn 
DGBd 

144 

DP 
BbGL 

Ssyy 


SP 


GBBG 

sgya 
gyi 

BQGB 

yi"a 

BUGB 
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nanaa 
nanoD 

□DDDB 

DDBnn 

■DDDD 


anaE 
■Edbc] 
Qamvm 
maama 
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(I'n) 


Standard  Weaves  for  Textile  Fabrics. 


D 


5  HARNESS.        15  PICKS. 


5    HARNESS.        20  PICKS. 


mc.rmD 

DDDDB 

■ddMd 

aiaaH 
■□□□□ 

DC- 

■dL 

ninaa 

BDBna 
aaala 

DDBDn 

■Iddb 

aOHDl 


□■DDI 
ciDBD 
DOiDi 

GGHai 

BnDBD 
DBDQ 
DBDHD 

nBGin 

CCBGD 
GBL.,_B 

IGBDD 
QBCr 
GBGBG 


GGBBG 
GGGBD 

SGGI 
I — 


DDGBQ 
IGBGB 
IBBGD 


GBG 
GCiBD 

BcIgb 
IJGBD 

rBr:lB 
lBr;Ga 


IGGB 

— ^3 


IBG 

.BD 
_JCB 

gdgbI 


GBGlD 
CBBC 
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DDQ—  □DDDWI 

— HDD  ■HMDD 

GDDBH  agOOHH 

■moDD  ■■■■aa 


QDHDHB 

DDDBBB 
DDBBBU 

nnnBiB 

nnBDDB 

nnBDDB 

■■DBaD 

BDi.:i  iBB 

DBOBUa 

DBBBDO 

DOBaBB 

OBBBGl  ] 

8:yHHS 

BnnnBD 

BBDBaO 

BBBDOn 

QBaBaa 

DBBBGG 

DBDDBD 
BBBDDG 
DBDDBD 
DDGBBB 
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DDDDDB 
DDDDBD 
DDDBDn 
DDBDDa 
DBaDDD 
■QDaDD 


10 

BDDDBD 
DDDBDB 
DDBDBD 
DBDBDD 
BDBGDG 
DBDDDB 


BBDDDB 
DDDBB 
DDDBBB 
DDBBBD 

BBBDDG 


DDDBBB 
DDDBBB 
DDDBBB 

BBBDDD 

BBBDDD 


13 

DDDDDB 
DDBDGD 
DDDDBD 
DBDDCD 
DDDBDD 
BDDDDD 


BBBI 

BBD' 
BB 
HDI 


D  DDBDM 
~  DBDDBB 
BDBBDD 
DDBBDF 


BBBDBB  BBDDBD 
DBBBBB  BBDBDD 


IDD 


16 

DDDDBD 
DDDDDB 
DDBDDD 
DDDBDD 
BDDDDD 
DBDDDD 


17 

DDDDDB 

aDDDBD 
DDDDD 
DBDDDD 
DDBDDD 
DDDBDD 


18 

DBDDDD 
DDDBDD 
DDBDDD 
DDDDBD 
BDDDDD 
DDDDDB 


19 

DDDDBD 
DDBDDD 
DDDDDB 
DBDDDD 
DDDBDD 
BDDDDD 


nssB 


BDBBBB 
■BDBB 


21 

DDBDDB 
DBDBBB 
BDDBDD 
DDBDDB 
BBBDBD 
BODBDO 


BBDDBD 
DBBBDB 
BDBBBD 
DBDDBB 
BGBBDB 
BDBBDB 


23 

DDBDBD 
DDBDDB 

DBDDDB 
DBDBDD 
BDDBDD 
BDDDBD 


BDBDDB 
DDBBDD 
BBGDBD 
DiDDBB 
DDBBDD 
BDDBDB 


25 


26 


27 


28 


2'J 


30 


31 


32 


dddSB 

DDDBDB 
BHIDDD 
DBiDDD 
BDBDDD 


SDBDD 
DDDD 
DDBD 
DDDDC" 
DDBDDL 
DDBBDD 


DDDBBI 
DBDBDI 
DDa~~_. 
nDDD 


a  BBBI 


DDDDDB 
DBDDDD 
BDDDDD 
DDDBDD 
DDDDBD 
DDD  DDBDDD 


aDBD 
I 


DDDDDB 
DDBDDD 
BDDDDD 
DDDDBD 
DBDDDD 
DDDBDD 


BBDDDD 
DDDBBD 
DBBDDD 
BDDDDB 
DDDBBD 
DDBDDB 


DDBDDB 
DBBDBD 
BBDBDD 
DDBDBB 
DBDBBD 
BDDBDD 


BDDDBD 
DDBBDB 

DBDDBD 
DBDDBD 
BDBBDD 
DBDDDB 


33  34 

3BDDBD     DDDL 

niaSS  B88P 


I'al 


DDBDDB 
DDDBBD 

dddOd 


SBBDBD  BDBDDD  DDBDDI 
DBBDB  BBDDDD  


JDBBDL 
DBDDBD 


IDDDD 
IDDDD 


36 

BBBDDD 

BDGBBD 

BBBDDD 

DDDMB" 

DBBDDI 

DDDI — 


BBDDDB  BDBDBI 
BBDBB  DBDBDI 


ID 


DBBDR 
DDBBBD 
DDDDBD 
BDDBDD 


IDDD 

DBDBDB 
BDBDBG 
DDDBBB 


IDBD 
IDr~ 


40 

DDBDDI 


DBDBBD 

IDBDD  BDDDBD 


DDBDL_ 
BBDBBD 
DBDBDB 


DBDDDI 

BBBDBD 
DDBDD 


41 

IDBDD 
nOBD 

^DDB 

IDDBBD 
DBDBDB 
DDBDBB 


DBDBDB 
DnDBD 
HDDBDB 


aDBDD 
DBBD 
DDBDDB 
BBDBBD 
DBDBDD 
BDDDBD 


IBDDDD 
DDDDB 
DDBBDD 
DBBDDD 
DDDDBB 
DDDBBD 


45 

__'nDDD 

JDBDBB 

BBDBDD 

DDDBBB 

DBBDDB 


46 

DBDDBD 
BDBDDD 

ri"    m  ' 

B    B 


BDDDBD 
DDBDBD 
Bi^lDDD 
! 'B    BGD 

■1 


48 

DDDBDD 
DBBBDD 

DBDBBB 
BBBDBD 
DDBBBr] 


uDB  DDBDDD 


50 


52 


BDBDDD  DBBDBB  DDBDDB  BBBDDD 
BDDDBB  DBDDDD  BMHDB  BDDBBB 
EbBdEb  BBDBBD  BDDBDD  BBaDDG 


DDBDBD 
DDDBOr 


54 


55 

DBBDI 


DD 
IDD 
IDBB    BDI 


.JDDB    BDDBil    BBDBDB 
IDBBD    BGDiiE    EdBDBE 
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■DBnnn 

BiDDDD 

DDnici 

DDDDID 

aaoBOH 


68 

DanBDB 
Dgnnin 

DDDBDB 
DnDDiD 

■QBnnn 

DBDDDD 
BDBDDD 
DBDDDa 


59 

nBnnnn 

IDBnnn 
alSna 

DBDDDD 

DDDBaa 

DDDDBD 
DDDDlD 
DDDBDB 


IDDDD 

"IDDO 

IDD 

Jdd 

DDDDBD 

DDDBDB 
DDDBDB 
DDDDBD 


61 

DDDDBB 
DDBBDD 
BBDDDD 
DDDDBB 
BBDDDD 
DDBBDD 
DDDDBB 
BBDDDD 


62 

DDDBDD 
DDBDBD 

BBDDDB 
DDBDD 
ddIdd 


BDI 
r 


aDDI 


DDBDBD 
DDDBDD 


64 

DBDDDI 
DBDBr 


IDD 


BBDBD 
DDDB 
dddbdI 

BBDBDD 
DBDBD 
DDDBDB 


66 

I  DBDBD 
DGOr  ID 
DflGBUB 
DBDDDB 
BDBDBD 

Mm 

dddIdd 


71 


BBDDDI 
DDDT" 
DDDr 

DDDI 

DDBDBD 

BBDBDD 
■dddd 
DBDDQ 


JUUB 

3DBD 
DBBD 
DBDB 


68 

DDBBBD 
BOnDDB 

DDDDBB 
DBBBDD 
BDDDDB 

SDBBBD 
BDDDD 
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73 

ODDBDI 
PDBDal 


75 


DBDI 

dIdi 


JD 
pD 
IDD 


□y 


IDDI 


iBDDBD 
dddId 
DDBDD 


SDDDBB 
DDDDB 
~ ID 

ID 

ID 

DBBDDB 

DDBBDD 

"BDDBD 

DDDDB 

nDDDD 


BBI 
Si 


76 

DDBDDB 
DDDBDB 
DDDDBD 
BDGBDB 
DBDBDD 
DDBDBD 
BDBDGB 

8  BDDDD 
DBDDD 
DDBDD 


77 

BBODDD 
DDDBBD 
DBBDDD 
BDDDDB 
DDDBBD 
DBBDDD 
DDDDBB 
BBDDDD 
DDBBDD 

ddddbI 


BDOBDB 
DBDDr 
DBDDDI 
DDBDE 
DBDDDL 
BDBDDD 
DDDBDB 
BDDDBD 
DBDBDD 
BDDDBD 


BUDDDB 
DDBDDB 
BDDDBD 
DBDBDD 
DDHDD 

ddbIdd 

DDBDBD 
DBDDDB 

I  DDBDD 
DDDDB 


84 

DDDB 

BBBDDD 
DDDr — 
ddgI 
dddI 

— iddd 
■ddd 
Iddd 


87 


QHo 


DDl 

ddL- 

DDDl 

m 

_JDDD 
DDBDD 


BODBI 

idbbIi 
—  nai 
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95 


90 


91 


92 


BlDJnl 
nDHa 


■■DDnn 
aaWinu 
DBiaaa 

DDBC" 

Danoi 

BDDDDB 
ODDH 
rDDDD 
nnnH 

DBBDOa 


■dMdd 

niDDDD 


DDIGGa 


DDiGHI 
DDDBOa 


DDDDia 

■■DDaa 

DDDDQi 


IDBnOD 
nainn 
niDlDD 

GiDDBn 

anBDBD 
nalnna 
nanBDB 

BDaBGD 
BUDCJBD 

DBnai 
niaDL 

DDBDDI 


JDO 

DnDBDD 
aBBBDD 

DDgoBn 
nnHBD 

DaDDOB 

gdobbI 
laaaaa 

"GGOBB 

nana 
laai 
laaa 


DGBI 


■DDnn 
GGGG 

oaaaGB 

GGQGBG 

aaBBGG 
GGMao 

GBGGGG 
BGGGGG 
GGGaBl 
GGGGpl 
GGGBGa 

DDBaaa 


IGGGBa 
GBGGG 

GiaaaB 

alGBGG 
GBGGG 
GGBGBG 
GBaBGG 
GGGBGB 

GGBaia 
BoaalG 

GGGBGB 
DBGGGB 


I  GBGGG 
GOGBG 
GiGBGG 

gIgggb 

GGBGBG 
BGBGaa 
GGGBGB 
GBGlGG 
BGCGBG 
GGBaBG 
GBGGGB 
DDGBGi 


BGGGaa 
GGGBGG 
GBGGGG 
GGGGBG 

GGBaaa 

GGGQQB 
GGGBGO 
BGGGGG 
GGGGBG 
GBGGaG 
GGGOGB 
DDBGGa 


Ml 


BOBDnn 
GBaBGa 
gIgggg 
aaQGBG 

GGBGlG 
GGGiGB 
GGGiGG 
BGGGGG 
toGGBG 

DBr— 

GGr 
or 


102 

OBBBGQ 
B— GGG 
GGQBBB 
BBBGGG 
GGGBBB 

BDBBin 
BoaaB 


104 

a  GGG 
GOB 
QBG 
OBGBQQ 
BGGBBG 

liaBGG 
BaGGBG 

GlgaaB 

GGBQBB 
DGGHB 


106 

■ggbbg 

GBBGGB 
GGBOBB 
GaGBfli 

BBBGGa 
GBBGGB 
GGBOBB 

GGCI 


108 


aBGQan 

GGGBGa 

aaGGGG 
aaQBGB 

GBGGGa 
GGGBGB 

aGGGBG 
GBGOG 
GGGaBG 

BGBaaa 


109 


BaGBGB 
GGBGB 

gbgIgI 


GBG 

oar 


BGBaaa  aaai 
aagoBG  aiai 
BGflaDa    olai 


PL 

laBQaa 

naaaa 

□daaay 


110 


anQBDi 


gbgbgg 

air 

:ac_  _ 
iBGaaa 
aiaaaB 


alaaai 
— aBGl 

GIGBGC 


SaaaBa 
aGGlG 


aaan 
_ jaiaa 
alaiaa 

aaaaaa 
ayaaa 
aaaaaa 
aaaBaa 

alaiaa 
aaaao 
agaaaa 
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__jDn 


116 


:iDal 


oHnn 

GDI — 
DDL  __ 

DDlia 

Diaoin 

DDL 

■DDBDD 
■iDDDD 
DlDDlD 
DDlDDi 

IDDDDi 
DDBOa 


117 

DDDHGH 
■DDDBD 
DHnDD 
■DDDHD 
DlDDDl 
DGMBG 
DHDDGB 
■DBOm 

■DlDDD 
GHDHDG 
■DDDHB 
DBDBDD 
DDBDHD 
■UDDDB 
DDHDHD 
DDDBDH 


118 

dIdbdH 

DlDDBD 
■DDBQD 

■DDBDr 


I 


119 

■■■DDn 
DDDiMia 

essaHS 

DDDDBl 
— DDDD 

°q5BBa 


120 


IDDDD 
^DD 


aDHHI 
DDDI 

DBlDDg 

DDlByD 

ddddhI 


DDDDBB 
■DDHDD 
DiBDDa 
DDDHBD 
DDBDDB 
■iDDDD 
DDMIDD 
Dl 


Dl 

B  DDBDD 
DDGBB 
BBDDDD 
DDBDDB 
DDDBBD 
BDGDDB 
DBDDBD 
GDBBDD 


121 

DDDDBB 

DBDDDB 
BDBDDD 
DDDBBD 
BDDDlD 
DBDDDB 
DDBBDD 
DDDBDB 
BDDDBD 
DBBDDD 
DDBDBD 
DDDBDB 

a  DDDD 
DBDD 
DDBDBD 

IDDDDB 
DBDDD 
DBDBDD 


132 

DDDDBB 
BDDDDD 
DBBDDD 
DDDBBD 
DDDDDB 
BBDDDD 
DDBBDD 
DDDDBD 
BDDDDB 
DBBDDD 
DDDBDD 
DDDDBB 
BBDDDD 
DDBDDD 
DDDBBD 
BDDDDB 
DBDDDD 
DDBBDD 


123 

■DDBD 


IDDBD 
DDlD 


IDD 

Idd 


DDI 

ddI 

BDDIPD 


126 

JDBD 
DDD 
DBD 
DBDBDB 
DBBiDD 

dIdIdb 

BDBDBD 

ddbHd 

BDBDBD 
DBDBDB 
DDDBBfl 
DBDBDB 

Mais 

eanl 


i 


133 

SBBDBB 
ddbdI 
DBDDB 
BOBBD 
DDBDlr 
DBDC 


dNddS 

GHDBD 

lassas 

— IDBDD 


DDBDBB 
DDBBDi 
BBDDDB 
DflDBBD 
DUDBD 
BDDDBB 
BDBBDD 

ffilaa 
asisBl 
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ggsRygy 

DDDpaBn 

DDBDBan 

BinBDDD 
ninDDD 
niDaDDl 


DBDDDIB 
■DDOnD 

aaaiaaa 
aanaHQ 
nniaHaa 
■ioBoaD 
EaHQaaa 


nnDBDna 

naDDDQB 
DDlODDD 
aDDDDBD 

naaDDDD 
nannBnn 
■aanaaD 


■ 

■f 

MM 

■ 

■f 

py 

i 

Sa 

"Si 

i 

^1 

IHH 

nnnnnnB 
DBnnnDD 

DDDBDDD 

nnnoDBD 

BDnDDDD 

□aBnnnn 

DDDDBDD 


■BBBBBn 

■aBUii 

BMHol 

■law— 
HMIan 


nnnBnni 
aDBnaDl 

DDBDDBn 


DBnaaBD 

DBDDBna 

IDDDBaa 
DDBDDD 


BaDDDDB 

nnaaBBD 

DDBBnGD 
BBDDDnn 
DDDDDBB 
DDDBBDa 
DBBDDDa 


DBDJ 


lafioBa 

DflaDBDB 

BInBaBa 
DBDDBn 


11 

IDDBDn 

""lit 


fflyBigy 

nBDBDDB 
BDaaBBD 

SBBflsRy 


13 

DBBBDaa 

DDDDBBB 

BBBgnga 

SaaBBBa 
BQJDDB 

yemyy 


14 


nBannnB 

DBDBDna 

nnalnBD 

IPDDDHa 


■DBDana 

DDiDBDn 

aaaaloB 


DBBanni 

□EjBHf 


16 

BaDBODB 
DnBDBDn 

DBnanlD 
BgaiaaB 

OBaDDBD 

aDBQBay 


17 

— lie 


DBnanBa 

ODBBBOD 

gjlaBDi 
anBHaD 

DBnaDBQ 
■□DDUQB 


18 

nBOBDon 
nanaBDB 

BDBnDDD 
DDDiDBD 
DBDDDDB 
nDBDBQD 

■aaaDBD 


19 

innnBnn 


20 


DQBnDDL 
niDDBDD 
aDDBDDB 


DBannBD 
BDDBnaa 

DDBDDBa 


innBnn 

"^BDBD 


mBDBnB 

DBDBDBD 
BDI 

Dc: 

GDI 


21 


IDDDBBa 

dBSSlSfi 


24 

igDDGB 
DBDDBa 

.  laBBDn 
iDaDan 
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26 


DBBQDafl 

aasBsp 


:nBnBaL 
laBDlna 


27 

GaBaDBB 

GGaBODB 
GBGGBBG 
GGBDain 
BGGBBDG 

oBaalaa 

GDBaaGB 

BoalGGa 

GaBGGBG 

"laBaQGB 

iGUOBGa 


Gnc_ 

^BaQL_ 
GnBBGBD 


iDDBaan 
jBiGBag 
Gaiaaaa 


aDBDOa 
DDDBD 
SDBGaaB 
DQQBDD 


29 

oBGBggB 

GGglBBO 
BDBDGBa 
GDC" 

gEbbggd 


IBGQ 

GigaBGB 
~^BGGr 
IGGBaBD 


jGgaa 

GciDici 

BBGGGGB 
GBGBaBn 
nGGGGiB 

Igbgbgg 

IGGGBB 
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DDI , 

CDDDDl 

DDDBBDn 

■gaPD— 
DlBanDD 

■DDDDDB 

aitnaaa 

aannmin 
■aaaoH 

ODDDJIilB 


36 

■■an|! 
nnaaia 

alDDUD 
DCMDI — 

nninai 

BDDIBDD 
nalaai 

■laaiDD 
aaiaan 
nnDDBa 

■QDiDDI 

DDuaal 


pa 

ba 


yi 


31 

OBanni 

nnnini 


33 


IDHDD 
Donr 


DDialla 

BSBSSB 

ByHF"°^ 


IDI 
r" 


JDDDL  _ 

aaiiaHa 
Dliaaa 

37 

BnDDBDB 
DBaDDQ 

GBDnDDD 

aaBDBaa 

BaDDDDD 
DBDBBan 

DnannnB 

BnBBDDD 

DDnoDBa 

aBBPODB 
DDDDBDG 
BBaaDBQ 
aDDBQDD 


DDflnaBB 
BDaBDDB 
S.QDB|g 


qbd: 


ddIi 


JDDBBQQ 
□BiDDBG 

— iIbddb 

"DBDD 

□BBoaBa 

KDBDQB 
DDBaa 

38 

aDDBDDB 
DnDDBBD 
□DBDDnB 
BBnaDDD 
DDBDnBD 
DDOBBDn 
□BDDQBa 

BDDDDDB 
BDDBQn 
DDBBDQD 
BDDaiDD 

ddddHbb 

BDDBDaa 
DBBDDDn 


nnoL 

DDDDI 


^DBDl 

aBBaDDB 

BDBDaDa 
□□IpilQ 


BBaaciln 
dIddddb 
Qlgi 

DDBl  , 
BDDDI 

■ddddbd 


loir — 


IDDD 


39 

nnnDBDB 

BDBDnnD 
DDaBOBQ 
DBDOnDB 

BDBnBnn 
DDDnBD 
DBDBnDD 

□aaDBaB 

BDBDDDD 

DDDBnin 

nBDDDDB 

BDBDBDD 
ananBD 

DBOBDOa 


34 

DDBBDBa 

dbdIddd 

DBBaDBl 

pgnDBDl 

DBBnlBD 
DDI 


36 


DBDQDDL 
BDDBDDD 
DDBDBDa 


PBDBDGI 
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DBGBBDL 
DBBDBGa 


DBBDDDfl 
DDDBDDD 

■DDDBDB 
■DDDBD 


BDDB  □■□■QPi 
IDDDD  DDBiBDQ 
'BBDl   DDqIdgB 


QBDDDDB 
DGBBDBD 

BBDDBDD 
DDDDBD 
GBBDBDD 
BDDBDDD 
DDDDBDr 


DDL 

DDDBDBD 
BDBDDDB 
DBDDDBD 
DDBDBDQ 
DBDDDBB 
BDGDBDD 
DBDBDDD 
BDDDBBD 


DL- 
DDI 
DDL 

_bIbddg 

□□iDQ 

DL._ 
DBDI 
JDDDL, 
DDlDDC 
DBDBL 
DDDDI 
QBDQC 


gpi 


idd: 
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JDIDDL 
DDlaDOL 

■aiaalD 

□■aOHDH 

BIdddbd 
aDDlDa 
DBDalaa 

JnDDBna 
nDDiaDB 
BaalDBo 

61 

panBanB 


BaQDDBI 

jnBDnni 


o 


.  jDiogL 

DaBDDBQ 
DDDDBDB 

gBDDDBD 
DBDDDD 
innBDu 

BODBaBD 
DDDBng 

■DQBDaD 

Idbdbdq 


SDQBDDI 
aDDDBD 

nDBnanB 
DBDBaan 

DDBDnBD 

nnnGBai 


IDDDD 

BaaBDD 
DBOBD 
laDQBDg 

BDnODB 
DBDDa 
DDBaBQa 


iDBBaga 
Idddbbq 
"BBDona 
DnaMnB 
laaauBa 


3n 


■IDBC 
DDBDC 

DDnBnai 
DBBafla! 
DaaBa'"" 

■DDDL 
DDDDBaL 

yMSSH 

BongaB" 
gaBBGB 

yBaDDDB 

DgBggDB 

aBD^GD 
gDBQQr- 


jaaaflB 
janBDon 

nBgianp 

□BDgBai 
ooglgB 
DOBaiai 

68 

BngnoBn 
■alDBaa 

te 


BDinnDD 
^glDBOB 

BQDBDBa 

BDBDglpB 
aBDDl 

ngoDBOB 
cBaBaoB 


BnBCDDB 
BDDpBn 

DDBQr— 

Br 

DD| 
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DDOai 


imnn 
laoDD 


DHDHDHna 
■DDDDDDB 
DDHDaDHD 

■□□aaoGB 


__  ]DDI 
■DQQCZZ' 
□§■■□□□1 


■DonnncB 

aHHHHHD 
■DDDDDDH 
QBBBBBaa 


nnannDDB 
■DDDDina 

DDDiDDBD 
□BODBLiaa 
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DDDDBBB 

ODDBBia 

ODBBBBDa 
DBBBBDaa 
BBBBDOaa 


DDGL 
DDDai 
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nDDDDnnB 

DDDBaDDD 
DDDDDDBa 
DDBDDDDD 
DDDDDBan 
DBDDDDDD 
DDDDBaDD 

Baaaaaaa 


10 

nnnaaoDB 

DDDDDBaa 
DDDBDDDn 

DBDnnnna 

DDDaDDBD 
DDDDBDDn 

DDBnaann 

BDUDaQDa 


11 

nnnnnnnB 

DnODDOBa 
DnDDDBDD 
DDDDBQaa 
□nnBDDDD 
DDBQDDDa 
GBaDDDDD 
BDDDDUaa 


12 

BnnnDnni 

DDDDDDT 

DDDaari 

DDDOBBDa 

DDDJMaaa 

DDBBDOnn 
DBBDDDna 
BflDaaDDD 


]nnB 


13 

BnnnnnBa 

DDQDDBDB 
DDDDBDBD 
DDDBDBDn 
DDBGBDQa 
aBDBDDDD 
BDBDDDDn 

GBaaaDDB 


14 

DDDDBDBB 
DDDBaBBD 
DaBGBBDa 
GBGBBGGa 
BGBBGGGG 
GUGGGGB 
BBGOGGBG 
BGaaDBGB 


15 

BBGGGBGB 
GQGBGBl 
GGGBGBBB 
GGBGBBBG 
GBGBBBGG 
BGBBBGGG 
GBMGGGB 
BBiOGOBD 


16 

GGBGBGGB 
GBGBGGBG 
BGBGGBGG 
GBGGBGGB 
BGGBGGBG 
GGBGGBGB 

BBGGBGBG 
GaflGBaa 


GBGGBGBB 
BGGBGBBG 
GGBGHIGB 
GBGBBGBG 


18 

IGBBGGGB 

—   GGBB 

DGQBBG 


19 


20 


21 

oqbgbgbb 
gbgbggbb 
bgbgbbgg 
gbggbEgb 
bgbbggbg 
ggBgbgb 

■GGBGBG 
GBGBQa 


IDG 


22 

GGBGGC 
GGGBGL„ 

BGGBGGI 
QaDBaa 


GGI 
GGl 


EGGBG 
GGGB 


23 

GGC 


gyiayfe 

BGmBm 

GGI 


24 

gqgbggbb 
ggbgggH 

KGQBGG 
QBGGQ 

DGGBOGH 

BBQaoBOG 
MGQEGG 


25 


naaai 

GGGG! 
GGGGl 

li 


IGGGG 

GOG 

,_aGG 

IGGGG 


36 

GlGGnBOB 

SBBGBGBG 
GGBGBGB 
BGBGBGBB 
GBGBGBGG 
BGBGBBBQ 
GBaiGGGB 
BGBBBGBG 


27 


gGI 
Bl 


IGGGI 


In 
G 

GGCr 

GGai_  _  __ 

BGBGBGGG 


28 

QGGOGGGB 
BGGGpfl|G 

gbgqboIg 
ggbgbbbg 
oggbggog 

■BBGBGGa 

^SaaBQG 
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29 

DDDBDalD 

■DDDDian 
aaaanan 

□DBBGDBD 

DolnDDnB 

aDDHDnn 
DDDHDD 


30 

DnBHanna 

■aDDDDHD 

aoHHDHaa 
maaBoaa 
aDDHaam 
DDHamDa 

DHDOaaHB 
■DaDHBDD 


31 


nnni 


_  DDBL 

aammaDma 

aDQDMa 
aDBDOD 


QDinDDI 

dHi 

IDDI 
nniQDai 


inDBDD 

IPDDBlaa 


OnDDHBQB 

■■DDDala 

DDHBaHDa 
DDDDHDHa 

— aBogan 

DDBaniDD 

BHaaDDHi 
aBBoaaa 


33 

onni 


IDlODlDD 

\oac 

IDDI 


IDHBODQ 

udmdIddh 

DGHHOnD 
DBPaBDlD 

BGQDliDi 
DDBDaBD 


34 


JDDDI 
DC- 
DDL 

DDDL 

Z'lDBDDD 
— DBDBDD 
iDJlaDBD 
DHflGGDH 


■DDD— D 

jbdoHIdb 

DDBDHDH 

laamowmm 


35 

■DHaanaH 

DBDHDaiD 

■DBOHHin 
DBDDlDDl 
■DHiiGHa 

BDDBDDBDB 
BBOBGBD 
DDBDBDD 


36 


37 


yBaDBBaB 
bbddbdbd 
ddbbdbdb 
ddbgbdbI 

bbgbgbdd 
GBDBBGD 
DBaBGDBB 
BGBiDDla 


iqaBnDBn 

nDBDDlD 


n 

fegyBBps 

DDF 

ddI 

DBDDBDBD 
DBDDBDDB 


38 


■DBBr 
dIddc 


alDDDB 
__jdddbd 

DayDlaBD 

DBDaDlDD 
■GBGBDaa 


DBnnBDDl 

DDBDDDBD 
BDDBDBGD 
DBDDBDDB 
BDDBDBDD 
DDBDDDBD 
DBDDBDDB 
BDDBDBDD 


41 

DDDDDBDB 
DBDDBDBD 
DDBDDBDB 
DDDDBDBD 
DBDBDDDD 
BDBDGBDD 
DBDBDDBD 
BDBDDDDa 


42 

DDBDnnBB 

DDBBDDDB 

":~DBDDD 

JDDIBDD 

DDBBDDr^ 

■ddd1ddC_ 
DDDBBDD 
BDDDBDD 


43 


BBDDI 
OBC- 


■D 


aDDBDDH 

-ibIddH 
_jr 

DDI 


aai____ 
^BDDBBDD 

diddIddd 

~  """"IB 

idd 
idd 


IDDI 


44 

nDBDDDDI 

~^BBr — 


DDI 

BDDDI 
DBDDI 


IDDI 

ni 


IDD 
IDD 


dddbddbd 
ddbbddIb 

"IDDDBDD 
IDDBDDQ 


BDBDDDBB 
DBBBDBDD 
1DDDBBBD 


DBDDDI 

JBBDBDDD 
DDDBBBDB 


46 

DDDBDDBD 
DDBDDDDB 
DBDDBDDD 
BDDDDBDD 
DDBDDDDB 
DDDBDDBD 
BDDDDBDD 
DBDDBDDD 


47 

bdbdddbb 
bgbbdddI 
■dbbbddd 
dbpddbdd 


DBDDDBDD 


48 


DflBDDHD 

dIdddmd 
bddbbddb 

DDDiDDDB 

DMmBDD 
BDDBBDDB 
DDDBDDDl 


49 

DDDDDDBD 
DDDDDDDB 
DDDDBDDD 
DDDDDBDD 
DDBDDDDD 
DDDBDDDD 

SDDDDDDD 
BDDDDDD 


50 


DBBDDBDB 
DDBDBDM 
DBDBBDDB 
BBDDBDBD 
DBDBDJHD 
BDBBDDBD 


61 

DDDL 
DBDDl 
DDBDi 
IDDDBBBD 

jD|8ysg 

IDBBDGBD 
TDBDDD 


53 


55 


57 


DL. 

ayb, 

-HBhlBl 


IDD 


RDBBBDI 
fJOSBi 
nriBBGBlB 

■dobbdI 

iiyRsyy 


DL. 
DDI 


lyp' 


DDBBDD 

■gflDDDlD 
DBBBDDGr 

BDDnc:^ — 
BDDDI 
DDBBDDL_ 
DDBBBDGB 


59 

iDgpan 


□M.DD, 

DDI 


BR 


60 

bdddbddd 
dbbbdddb 

BbHdbdd 
DDDBDDD 
DDDBDHB 

dgbdgBb 
dbddgBb 


61 


□ 


idi 


JDDD 

_jBSy 

dddbBdb 


Dl 


62 

IDlHBn 
"iDDDB 

IDDDB 

OBDDgi 

^DBMD 

DDDBDr^- 

dddMgI 

DDDr"- 
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64 


66 


aailDi 


IaDoiiai 
anaoai 
DoiianD 
lannMin 


IDD 


DDDI 


iDiiDnB 
nBaui 


nannaHM 

■■Domnl 

DB—apna 
DaolnDa 

■■DaDDDB 


69 


70 

■aBanana 
DBDlnnna 

■DHDDQnn 
nBDiDDDD 
DDaDDHDB 
DDDDiDHD 

oannDBDB 
DDDDiaBa 


71 


cDBannDB 

aDnBDDBD 

DBnaBBDn 
BaaafliDa 

QDDBDDBD 
□DBnDDDB 

BDDBnDD 
DQDBaD 


72 

BaanBOBa 
DDBaaBaB 

""■OBBaDD 


DDBDDBaL 

DninDDBn 

DBDBDDfla 


jaanBBDi 

DBaBDDBa 


73 

BnnnBnnn 
nc7 

DDI 
DC" 

BaoDBBBa 
DBiDBiaa 
DaflaBDBa 

aDDBDDDB 


74 


76 


79 

□DBOi 

DDlai 

DBaDl 
SIBlQQiQ 


76 

BBSHBRSB 

QBOBgaaB 
aaBQBaBa 
aDalDBng 

GnBQBDBa 

QflnBOBOB 
BaBGDOBD 


81 


iji::-iL: 

IDDI 

DDI 


IDBD 
DBD 


78 

nnannnaB 
aaaDBDDr 

~~~^BaDC 

lii: 


aiDDBaDD 


DGaBDDBD 

^ZGBGL 

GGBQDBaa 


BGGBGGGG 
GGGGBGG 


83 


BaBGBaBa 
GBGGGGG 
GBGiGGGQ 
GBGlaBOa 
BGBGBGBG 
GGGGBGBa 
GGGGGBGI 
GBGBGBGi 


84 


85 


gbgbgddb 
gIgggbgb 
gggbgIgI 

laHaBa 


89 


90 


91 


92 


■r 

■GDDIB 

Be 

■M     ..   ■ 

■ 

lolaaa 

g 

-r-  ta 

■■ 

iL" 

■QBDGU 

BGBGBGBB 
BGBGBBBa 
loBBBOBG 
BBlalGBG 

gIqbgbbb 
gIgIbIqI 
DBHalai 
bboboIdb 


93 

□DaDDBBB 

DBBBapga 

aDDDBDBB 
BDBBDDaa 

naaoBBaB 

nDDDBBia 


94 


95 


96 

BaOiDBOD 
DDBDaDBD 
DBOi 


97 

DDGBannB 
naBQDDBn 

DBDDDBDa 

BDDDBDDn 
BDDnBDD 
DDBQDDBD 

SaDBDDDB 
DDaBDaa 


aDDBOBBB 

dbdddIbI 
bdddbddd 

DBBBOBaa 

dk|ddbq 
aBBBDoaB 
BaaoBQaa 
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DinaDQaB 

DDBaDDBD 

BaaiaBDa 
aaamaaa 
GanaaBaa 

DQBDDDBn 

BBDaaDDB 
GaDBDaa 


100 

DBnnBnDa 

aDBaDDBG 
aaBGBGG 
DBGGBGGB 

GGBaaGBa 

SBGGBPGB 
GGBGBDG 
GGBaauBG 


101 

GCGBaBaB 
MGMGilGGG 
DBGGGBGIH 
GGBGBGBG 
GBGBGGGB 
Bj'.jUBuB  J 
GBGBGBGG 
GGBGQGBG 


102 

QnGGBGaB 
GGGMGMGG 
GGBGGGBG 
GBGGGGGB 
BGGBGGGG 
GGBGBGGG 
GBCQQBGa 
BGGGGGBG 


103 

GBGBBGGG 

GGBGGBGB 
QBGBGGr  ~ 


IM 


IGB 

IGB 


SGGGGI 
GBGGGGL 
GBGGBGBG 
BGBGGBGG 
DGGBBaBU 


□BGGGGBg 

■gbggbgb 
obgbbgbq 

DGBGGBOa 

hGBaQBQa 
BGBBGBa 


105 


QBGaaaGB 

I  .Gl-4.  iBGBG 
QBGBGGGa 

BaGGaQBa 

GGGBGlGG 
GGBQGGGa 


BGQaQBGL 
OGBDBDaa 


106 

GBaBaGGG 
BGBGGGGG 
GBGGBGGG 
BGGGGBGG 
GGGGBGBG 
GGGGGBGB 
GGGBGGBG 
aOBOGGGB 


DGBBGBBg  __. 
GGGBBGM  Gfll 
BGBiGaGB  GB. 


112 

BaBaGGGG 
GGGGMGBG 
BGBGGGGG 
GGGGBGBG 
GBGBGGGG 
DGGGGBGB 
DBGBaUGQ 
aaGGGlGB 


113 

BBBGBBBa 
GliBBGBiB 
BGGGBGGa 
GBGGaBQG 
BGr~    ~ 

GBBBGI 

BGGGBGGG 
GGGBaGGB 


GBGGGL_  _ 
GGBBGGGB 

BQBGBaag 
gIggbbb 
gbbggbgg 


115 

GBBGBGGG 
nGGGGBGB 
JGBGGGGQ 
GGGBQBQG 
BGGGGBBG 
GBGBBGGG 

GGaalaBG 

QBDaGGGB 


igggg: 


EGGGK|a 
GGGGGBGr 


GBGQGGGl 
GGGiGBCL 

GBGigGQa 
GGiaBaGa 

BGiaaGGG 


117 

BGGGGGGD 

aaacGGBa 

QBGaaGGQ 

GaGQGaaB 

DGGBaQGD 

aaaGDBGG 

DGBGOGGG 

DDDGBaaa 


118 

DBaGGGGB 
GGGGQaGB 
GBGiGGGa 
GGGigBGa 
QGBGBGGa 
"iGGGBGBD 
IGGGGGGG 
IGGGGGBG 


119 

BGGGGGaa 
aGGQGBGG 

QBGagaGG 

QGGGBGGG 
GGGBGGQG 
GGGGGGBG 
GGBaaQGG 

DGGGGGGB 


120 


BaGBGGGa 
GGBaOGG 
GGGGGBBG 
QBBGGGGr" 


121 

GGGGCBGa 
GGGBgOGG 
aGGGBGQG 
GGGGGGBG 


122 


GBBGGGGG 
aaGGGBBG 


125 

DBBBGI 
GGGGGl 
BBGBBI 
QGnGQi 

IQaaa 


ogi 

GflGBgOGG     BGBB 
BBniBBGB     f  GBBI 

GflGBGaaa    EgbB 


126 

GBgGGBBB 
BGBBBgGG 
GBGGGBBB 
GiGGGiifl 
GiGGGBlfl 

GBBBGaG 


127 


gGBGBa 


QBQBGgL 

aaGGGBGl 

BGBGGGGI 

GGGGBQBG 

GBGBGGGG 

GGGGGBGB 

BaBaGGGG 


130 


U,  i  j:  u  . .,  m 

BIjI  <i  ii  <i  .i.B 

GiiGGBBG 
BGGBBGGB 


131 

IBGaGBD 

iniiflGir 


|[JGG 

HBG 

IGBGG 

JUBBBGr 


BBOBGGai 
GBGQI 


BaaaGGGn 

GQGGGBGG 
GGBGGGGg 
OGGQGGGB 
GaaQBGGG 

GBQaanaa 
aaannDBG 

GQGBGGGG 


ibgggbgb 
gggbbgI 

GnGBBBnl 
GGBI  ll'GBG 
GBGBBBurj 
BiGBiGGy 

■iGBGGga 

GnBTlGGBO 


134 

Igggd 
Jggga 

UGGGBBfla 
GGGGiaGB 
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135 

■nnaaaHD 

DBGaaini 
■DtiaaGBa 
aDHaaDGH 

GBaBGGGII 
naBGHGDG 

aiannnaa 
GiaBGiian 
nnBDBDin 
aGGiGGin 

GGGiGBGB 


DlGDDDnQ 

GGGGBl 

GGGGaDQB 

BGoaar 

GGGGC 

GGGnaBna 

DaDBBBBO 
nOBBBBGD 

oooBnaaQ 

DBBBBGDG 
147 

e^aaniflGnB 

BSBBBGGB 

GGIIGGWia 
BBBBBGGB 

GGGGGBBG 
n^lGBBBBB 
GWaiGGGGG 

Bnr  BRnsna 

rWH'^rTTiGG 
GBSuGGGG 


136 

naBGGGCB 
BBBGGGBG 
BGGBGBGa 
GBDGBGGa 
BGBBBGGG 
DGBGGBGB 
DGGBGGBG 
DQBGBBBG 
DBDGBGGB 

BGGGGBGG 
gGGBGBB 
GGBGaBG 

142 

aBaaaaaG 

SBGBGGGB 
GBGGQBB 
GaaGGGB 
GBGGGHBfl 
BOGGBBBG 
aGDGGBDG 
ODDBBBGB 
GGBBBGBG 
GGGBGaGa 
GBBBGBGG 
BBBGBDDa 

148 

DGGEJGDga 
GGBGnCBG 

GGaBai:;Ga 

GIGBGOGH 
GBBGaGGQ 

BaaaBaaa 

BBGGiGGG 

GBGanaaa 

BGGGBBGa 
KGGGBGBG 
GGGGGWBG 
GGGMGHGB 


137 

BBGBGGaa 
MiGaGGBG 
DGGGBGDa 
[-GBBGBGG 

BaaaGGGG 

GBGGaGBG 
DGGCBBGB 
GGBGaaGG 

BGCBGaan 
aaaaaoBB 
aGGaaGBB 
aGBGGBaa 

143 

aanBGDnn 
GflHaiBGr 


JIGBBBBBG 
GGDDGBQG 
GBGBBiHgl 

OGDaaGGH 
"""IGBGBira 

GIDGGGGG 

~"       "HGBGB 

1CBG 


GGGGHGLjG 
GGGBBHGQ 
KGGGBBKG 
GGQDGaBO 
GBGDGr 

BGBGGCI 

BGGGGGGG 
RBGBGGGB 
IGBGaa 


138 

DGGBGI 

UGBGGBDU 
GBGGBGDD 
IMGDGBGr 
GGGGBODL 
GGGBOGBn 
GffiKMGCGB 
DBGDGCBG 
BGGGGBaa 
GBGBBBGG 
BGDBGaGG 
aGBaDDGB 

144 

cHGGaana 

K^BGGGBBG 
KIBGBBGGQ 

GGGBaaaa 

fSanBGGGB 
GGiBGBBG 

aGGGGiGg 

iHBGBBi 
DGGI 


GGGGBOGG 
GGGGC 

GGGBGI 

GGGGGDIQ 
CQBBQGir 
GMnGDGI 

naianna 
nnnnn 

jaBDDn 

GaDGGGG 
../.IGGBBGG 
BGGGI 


DBaGGGGG 
GBBBGQBG 


BGQBGGBG 
QGGBBGQ 
GBGBBGBB 
MGBGGBGG 
GGBGGGiB 
BBSGUKGGD 
GCBGiLQB 

BaGi^KDGQ 
GBBr  BOB 
rBGGBCBD 
GpSaGGl 


EfCBaaoan 

GGGGBGBa 
BGBGnGQG 

"gggblbg 

BSGBGGr[:^G 


Grianpf  BD 

IZTZCGGD 
L.nGGGrCB 


GBGBr'GGr 


BGL 
oaai 
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ir,3 

nnaGGGBBJ 
(sta  -CKi  :g 
r  a  :.  i'-Mtn  . 
(c;  '' :.  Bi';'!  lU 
fi  as  -I  J 
I .  a  .u^ 
f  ■  Mia  M 
I  ■  »  :  ra?«!  J 

[   «»'  "WG 

I  »  .  .nn  'G 
i  .«■'  :cm  JG 

BGQBBGGG 

■BQaaoGG 

GGBBaGGB 
BGQiDDDB 

GaBGaauG 


( JGBGGGBB 

Gl.lGBGGWi 
GBBGGBGG 

r  an  :  .  bg 
B  na  :n 
[  a  .  aa.  :g 
a     a       a 

a  a  a 
r    MB     a:  ] 

I  ''  nm  '!  <:  .'R 

r  wrjnnBi»G 
I  -mr.:  «a:-< 
EPGGaGGG 
WBGnnaGG 

nnGw»nnBi 

BGGBBnGD 


154 

nniSGBacB 

I  '  '» iLjautd 
[  ai  ^fl.  A..»n 

1  .(MGUsfii  jBG 

n.  :a  _  .j«gg 

a.  ^;.,i4d<.jaGG 

i  M  J  liijj'iiGa 
GGMjaGaB 

BGG31GGBG 
GBGBGGBG 
GGBOGBGa 

BGBGGiGG  

GBaGBaBG   GGGI 
GiQGBGGB 


155 


SGGBGBGG 
GGBGGBG 


GGGnacBB 
BBGBGGGG 
nGGBGBBG 
BGBGGGQB 
GGBaBBGG 
GBGGGGBB 
GBGBBGQG 
BGGGGBBG 
BGaanGGG 
GGGGBBGa 
GBBGanGB 
GGGBaGaG 
BBGGGGaG 
GGBBGBGG 

annnnana 

DBBGBaaC 


BBnQGBaa 
GGBGGGB 
GaaGGGBa 

M«GGBGUa 
GGBBGGGU 
GBBGGBGG 
BGGlBGGa 
GGBIGGBG 
GBGGBBGa 
GGGBBGGB 
GGBaGBBG 
^GGGBaGG 

— BGOr- 


GBGGGBBG 
BGGGBaQB 


IGl 

GGnBGGGB 
BaGBBGGG 
GGBaGGBG 
GGBBGGGB 

GBQaaaGG 

GiBGGQBa 

BGGGBana 

BBGaGBDD 

nnDBnDGB 
BoaaaDDB 

DnBGGDBn 
nnGBGOBB 

oaaaaanG 
GGBnGwin 

BGGGBnnn 
UBGGBBGD 


GGBBBGOG 
"GGQGI 


DGGQ 
BBBGnGGD 

nGGBBaaa 

BBOaaGGB 

aGGGGGBB 
GBBBGGGG 


GGGI ^_ 

BGGlclan 

GGBGiaDD 


GBaGGiGB 

gbggbbgE 
BGaGBGaa 

BGGBaGBG 
nGnipGBGa 
GGHniGBGa 

GGBGanaG 
naaGBnpG 
GBGanaGn 

■BnBGBnG 

BGBaaaaG 


GBGaGGGl 
GBGGF — 


GGGl„ 
GGlGl 
GG 
OBGL- 

gEbgIbgg 

"GBBGiGa 

"gIbggg 
cBPnarGB 

r'^'^^GGGB 

r""^«»GGPn 

n""»»nGnBa 
p«nwnnaGB 


r'Wnn»inaa 
wnGGiiiaGB 

BGDBGBBa 


GL . 

nDGGBl  . 
BGBaiGl 

-   liaBGB 
DOBBBGna 


DBOBPL 
GGBBBGL  _ 

BnanEaBu 


onGH 

nBGB 
aDOG 
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165 


166 


168 


169 


170 


raK 


IaaQDDDg 
aaiHQDi 

DaaiDDDD 

GDUaan 
DQaaDa|a 

DlDDCQaa 

DGDaiaaa 


IDonnHni 
□■□□□DC 


DQaaaaL 

DianDDDL 

aaaaaHa 

DDBD 


ID 


■anaaai 

"rmammaa 
DnanaiDB 


omai 


■ana 

laaaH 
\amaa 

DBiDDDDB 

^nannnBD 

DBaDDD 


BBBnnnnn 
DDBaBan 
DiBBaoaa 
alaaanBD 

DDBBBDOa 

DDBanBnB 

BaaBBBna 
DDBaDBD 

JDDnnni 

DBDBDnBa 


DBnnBDDB 

nagnaBBB 

BDBaaBDD 

ir 


IDDDDDB 

DaBQBuai 


DDBBDaaB 

BaBaDDnn 
aDnaBDBn 

DaaBBDDB 

BBaDDBan 
anDDDBa 
DDBaBnnn 
DBinDBDn 
naaBDaBB 

DDnDBDBn 

HDBrjDDDn 
aaBDDDB 
DBODBBaD 

DDBDBnnn 
BDnnnnBD 

DBDDDBBa 


nnBDDBBB 
DDDDBDDi 

DBnDflflBn 
DaaBnnia 
BDaBBBaa 
DDBDniaa 

QDBBiaDB 

DBBBDGBD 

BDDiDDDn 
BiaDBaa 

aDBDDDDB 
BDaBDDfl 

nBDaDDBn 

BDDBnDBB 
nnDDBDD 


dbdIddi 


Bai 


-J3 

DBBDa 

„nBnnBBg 

DBaBaDDB 
DBDgBDDB 
BaBBOnBD 
■aaBBDBD 
DBDaQBOB 

DDBaniDfl 

BBDaiOBC 

QBBGiaia 
ncDBGBar 


171 


172 


173 


176 


DDanBDBa 
DBnanaGB 

BGDBDBbu 
GGQaaBa 

DGBOBatDG 
DGGGDaGB 
DBDBGaaD 

SaaDBGBn 
DBganan 

DBGaaaGB 

BaBaBGDa 
gaDGaBD 

DBaBGGGD 

BgngaBaB 
BaBaaDDD 


DGiGBBBB 
BBGBGGGG 
DGglGBBB 

3 BBC 


Daan 


BaBngDBG 

GGBGBDiG 
GBGBGQDB 
GQQBGBGB 

BDBGBGGG 
aGGBGBG 
GBGBGBGG 
aiGGDBGB 
DGBGBGBG 
BaiOGGBG 
GGGBGan*! 
GBGBnGna 

EGgaaGBG 
GBGBGGa 
QBgGGBGB 


nBnGBGGB 

BGOGBflGB 
GGBGGBG 
GBflaGOBB 
GGBGGBGB 
DGBBOBBU 
DBGGBaBG 
"GGGBBGB 
iGGBaBGG 
JBGBBGGG 
DQBGBGGr 


BGBGGBGa 
BlDBBGaa 


BBGDGBGa 
■GGBGGG 
GGBGaGGB 
GGGBOGBG 
GBOGBBGG 
BGGGBBaO 
DGGBOGBG 
DGBaGGGB 

KGGBODG 
CGGBGa 
DGBGQGGB 
DGGBGOBQ 
BGGGBBna 
DBGGBBQG 
gGGBGGBn 

aaBDaGGB 


nnBOBDnn 

SBDGDBaa 
GGGDDBG 
DDGGBDGB 
DDGBGBGn 
DGBGaUBa 
DBGGBGGB 

BGGBGGBa 
BGOGBGD 


SGBQBGGa 
GGBGaOQ 

DBaaaaDB 

GGBGDaBa 
BGGBGBDQ 
GBDGBGGB 
BOGBaaBD 


177 


178 


179 


180 


182 


nnDBcnBD 

GGGGGBBB 
DBGGGGBG 
aiBGGGGa 
GBaGBGGa 
QGGBiBGr 

aaaaBGGi 

BGGGGGC 
QGBDGGG 


GBiaaaGG 
GGiGGBaa 
aaaaBBBG 


iGg 
~m 


BgoGGBaa 
BGGGGGB 
GGBGDOa 
DUBBBOGa 


nBnGGBnB 

ID^BGiGD 
GGGBaBG 
GBBGBGGH 

GGGiaBaa 

BBGBGGnu 
QGBGBGBa 

bgbggbgb 
gbgbgBgg 

GBGGiGISM 

BGBGBGGn 
GGBGBfflG 
GBGiaaGH 
GGflGBBGi 

bgIgggbg 
gbgbbgbg 


BGiBnnBnn 

GBijijHGHU 
GGGBUGUH 
HGBGGBGG 
GGGBGGGB 
DBDGBGBG 
BGBGDBCG 
QGGBGGGB 
GBGGBGBG 
BGBGGBGG 
OGGBGGGB 
GBGGBGBG 
GGGBGGGB 
BGBGGBGG 
GBGGBGBG 
DGGBGDaB 


GBGOBGaa 
BGBGGGgG 
GBaGGGBG 
DGGgGBGB 
GGalGGBG 
GGBGBGGG 
BGGBGGGG 
gBGGGGaB 
BGGGGBGG 
naGGBGBG 
DQBDGBGG 
GBGBGGDG 
naBGGGGB 
BGGGGGBa 
aGGGBGGB 
DDDBGBaa 


BBGBGGBG 

SGBGBBGB 
BGBGGBg 
GGBGBBGB 
BBGBGGBg 
GGBGBBGB 
BBGBGGBD 
GGBGBBGB 
GBGGBGBB 
BGBBGBGD 
GBGGBGBB 
BGBBGBGG 
GBGGBGBB 
BGBBGBga 
GBGGBGliB 
BGBBGBGQ 


183 


181 


186 


187 


188 


DDGGBBBn 

DGGGBgGB 
DaaODBBH 
DaaBQBCG 
DGgBGGBB 
GGBaGGBG 
DGBBaGGl 
DBGGGGGB 
DBBBGGGG 
lagiGGGG 
BBBGgGGD 

aaBGiGGa 
BBODByoa 
DBaaaBGQ 
BaaDBBGg 


BgbgEgbg 
■BGBBBB 
QBGBGB^ 


BBBBBGBI 

GGBaGGBl 

Giiaaaal 

Gii'ijaar 


aaaaaana 

BGBGaQBG 
CGGBCBGB 
BaBGBGGG 
DBGGGBGB 
GGBGBGBG 
GBOBGOGB 
BGGGBGBG 
GBGUGBGG 
BGBGGGBG 

SGGBGBGB 
GBGBGGa 
DBGGGBGB 
DGBGBGBG 
GBGBGDGB 
BaGaBGBQ 


GGBBBGBG 

■DGGBGBG 

GGGBGBGr 

BGBGGGBI 

BfflGGGBGI.. 

BDBGBGGG 

DBDBGGGB 

GGBBBGBG 

GBGBBBGG 

BGGGBGBn 

gghbgbgb 
bgbdggBb 
bbgggbgb 
bgbgbggd 

UBGBQaDB 


GBnmBBG 
BiiGGBBB 
GBGaBDiG 
DBGBGGBG 


GBBBBBBG 
BGBGGBGG 
DDBDGBGB 
DBBBBBBQ 
BBBDDinl 
DBGBaaBD 
DBGGBDlg 
BBflGGBH 
GiaBBBBD 

BGiGDlGB 
alaDlDQ 
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190 


191 


192 


193 


UDlDDioi 

BaalaiGB 

8  JO 

_        lOG 
sbs 

CiGiDBDD 

DialooHa 
DiglanaH 

Gianinn 
aigaai 
__lGiaai  , 
DiaanDGi 


aiGHGGGj 
"IGGGBCI 


IGBGGGIG 
GGBQGiO 
GDaaGBG 


■GGBGGiS 
GGBGGiiB 

MGGBGGr 

■ygBaar- 

HBGGBGG 

bSjgbggb 

iGBBGGGi 

BJBQGBGG 
BBGBBGGG 
GGMBGGB 
oniGGBG 

BGGBUGG 
GGBJiOGB 
GCHOBBG 
GBGGBiBG 

ByggsK 


GGBBGGBB 
GGGGBBaB 
BQBQiQGi 
GUGGBBG 
IGBI ' 


UGGI 


tG 


^BBI 

GBCBGGI 

BBGGBBGG 
GGpiGBaG 
BaiGGnG 
BGOBBGGB 
GBBGiGGG 

GGHGGBB 
BBMOGGG 
BOGBBGBG 

aBBGG^G 
aiaGGGB 
IGQBBGBGB 
BBGGBiGG 
OBGOGGBB 
GBBGBaBG 
GGBiGGB 
GGGGBBG 
BGBOBGG 


GBGBGGGI 
GGGGGGGI 
GBGBGGF 
"IGBGGGI 


BG 


GGGGGGBG 
GBGGGBGB 


IGBGGI 


GGBGGBGB 
GBGGBGGG 
GGGBQGGB 
GBGGBGBG 
"GGBGGGG 


SGBG  GGBG 
GGBGBGQ 
GGBG  GGGB 
GBGG  GBGQ 
GGBGBGGB 

SBGG  GGBG 
GGGBOGG 
a  BOB  GGBG 
GGGGBGD 
GGGBGGGF 


IGBGGBGg 

]QGZr 

GBGaBGQI 


GGQGBGCL 
GGBG  GGBG 


GGGB GGBG 
GBGGGBQG 
BGGBGGBG 
GGBGGBGG 
BaaDBOGG 


197 


-  JQC 

GCBI 
GGBGGBiG 


8GG 


BBQGBaGG 
aQBBaGGB 
BflGGGGBG 
GGBBGBGG 
BBGGBGGG 
GGBBGGGB 
BBGGGGBG 
GGBBGBGG 
BBGGBGGG 
GGBBGGGB 
BBGGGGBG 
GGMjGBGQ 
GGGBGGBB 
GGBGBBGG 
GBGGGGBB 
BGGGBBGG 
GGGBGGBB 
GGBGBBGG 
GBOGGGWI 
BGGGBBGG 
GGGBGG^ 
GGBGBBGG 

aBGGGGBB 
GGGBBGG 


198 

aaBBnnQG 

GGiaQGGQ 

GGigBaaB 

GGGBBGGa 

GGGBagGa 

BGGBG|Ga 
GGGGBBGG 

GGGGaGlB 

SGngGGBa 
GGGGGGB 
GGGQgGGi 
GBGGBGOB 
■iGa  GGGD 
iaGGGGGn 
BGBGQBGQ 
GBBaGGGG 
GiGGGGga 
GBGBaaBG 


199 


°a 


DBDDC     _ 


200 

BGOBGGGB 
GGBCGBBG 

BBygBHsa 

GBGGBBGG 
BGBGQGGG 
GBOgaBBG 
"IGGBBGaa 


IGGGI 
JGBBGGGI 


DG 


IGGBgl 

Igbbgg 


aBGGGGGI 
Gl 

SGI 
GGGGGBG 
agOBBGGB 
GBBGGGBG 
QGggGBGB 
OGBBGGBG 
BBGGGBGG 
GggGBGBG 
gBBGGBaG 
BGGGBGaB 

BGGBGBGG 
BGQBGGG 
GGGBnGBB 
GGBGBQGG 


202 

GBGBGBGB 
GBGgCGGa 
GBGBGBGG 
BGBGBGBB 

aaGGGGGG 
GBGBGBG 
BaBGBGBB 
GGGGBGGG 
— ^BGBI 


GQl 

BBC 

Gr~ 

CBai_ 

GBGBGBGG 

GGalGGGG 

~iaiGCI,Z 

Is 

I :'  m  a.  :bg 

LljBuuuGG 
BGBGBGBG 
GBGBGBGB 
GGGGaiGG 
BBGBGBGG 


_JBG 

DGiGGGGG 
JGBGBGBD 
GBGBGBGB 


GGGGC 
GF""" 
Gl 

GGGL  _ 

BGBGIGBG 
GGGGiGQa 

pg|gB§ 

Gi. 

GGGBGGGI 
GBGBGBGI 
DBGBGBGL 
DiGGGgGa 
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inDDBnann     Qnoi 


~D Diana 


IQG 

iBGi 

ffai 


akaaaaBaa 
aaiaaaBaa 
aaiaanGBn 
QaaBaacBa 
aaalDDDDB 
DaaDBaaaB 


aaBDaani 
^Bi 


naQB 

dqBg 

aoBDaaBaa 
BBoaDBnac 
caaaBcaoB 

DaDBDDDaB 

DaBanDBia 
DBanniauD 
BDDDainaa 


jaBBaoBaa 

GBGGBGaBB 

— BQBugDa 

~   iBBQD 

_  . ^DnBa 

aaDBUBaia 
BanBnDBGB 
aBoaaiaBa 
GBaaaQBaB 

a 


DDaDnnaaB 
DBDaaDDaa 
DQDBaaaaa 
anaaDBaaa 
DDDnaaaBD 
BaDDDaaaa 
aDBDQaaaa 

DDDaBanaa   

aaaaaaaaa   DBBaaai 

9  10 


aMEBDlGG 
""  DBDBDBB 


isy 


laaaa 


BaBDBaBan 
BaBgaBaBG 

DBDBaBgBD 

aiGBuaBai 


IGGDBani 

DBaDBany 

_aaaD5DBB 

nBomaBaa 

-Idb 


aanoaaBaB 
aBaaaaaaa 
DDaaaBDBa 
BDBaDnaac 
DaDDBDBaa 
aBaoaDDaB 
DDaBaBaaa 
BnaDDaDBg 
aaBaBaDOQ 

16 

aflBOBBaaa 

BDDaDBBDB 
BDBBaDDD 

aoggiBaBB 
BaBBGaaaB 

GGGBBGBBa 

GnaaGGBB 

GaiBGBBaG 
BBDGDDBBa 


H 


21 


nanBaBGBa 

BBaDGGGGB 

aGBGBDBGG 
GGDaaDBB 
DBGBaBGGG 
nGGaDDBBB 

BDBaBggag 

DGGaGBBBG 
GBGBGDGaB 

QGaGBBBaa 

BGBGGGGBD 
GGDBBBDGa 
DBGGGDBaB 

aaBBBGGGG 
GGGDBGBa 

aaaaBGBDB 
BBBaaaaaa 

26 

aaBDDBBnB 

nGBGDBGBfl 
GGBGG 


BBGBi 
GBBI 


OBaaBBGBG 

DBaaBGWig 

BGBGGBGaB 
GBBGGiGGi 
BaGBBaBGG 
BDGBGBBGG 
DBGGBGGBB 

BiaaBGGiG 

DGBBGBGaB 
DGBGBiaaB 
BGGBGGBBG 
BGGBgGBGB 
GBBGBGGBa 
GiGBBaGBG 


BGGGDBaaa 

BGBGGaaBa 
aaoBaGGG 

DGBDaaBGG 
GGGGBGGGB 
DBGaaGBGG 
GGGBGGGGB 
GBGGGBGaa 

GaGBaDDBa 

17 

_aaDBBG 

□DGBGla 

dgbdbgbgh 

BBGBGBaGa 
niaBBGGGB 
BGBGGBGBG 

GaaBflGiga 

DGBGBG&iG 

aaaaaaaaa 


9SI 


sg^yyhaa 

13 

GBGBBGBaa 
GGiGGBGaa 

aaaaaaaGB 
BBGBaaaBG 
GaaaaGGGB 
aaaaaaaaa 
aaaaaaaaa 
aaaaaBaaa 
aaaaaaaaa 

18 

IDnDDBBa 

_j-gaaaia 
aaaaaBaaa 


Daaaaa 

BDGing 

DaBQaaBB 


Saaaaaaa 
BDDDlaQ 


Iaagaaaaa 
gaaaaaaa 
aBBaaaaaa 
aaaaaaaa 
^aaiaaaaa 

aaa 

iaa 

Iaa 

aaaaaaaaa 


aaaai 


i 


iaa 

jaaaai 
aGGnaBaa 
GBBGniaaa 
aamaGGGB 


JiaDBBaDB 
aagaaai 
aaBBaaaa 

aqaBaQBQB 

"aaagia 
aaaaKaa 
naaaoiaa 
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22 

aaaaaaBGD 
aaaagaaBG 
GBaaBaaaa 
aaaaaaaaa 
aaaaaaaaa 
aaagagaaa 
agGBGiaaa 
aaaaaaaaa 
aaaaaaGBG 
aaaaaaaaa 
aaaaaaaaa 
aaaaaaaaa 
aaaaaaaaa 
agagaaaQG 
aaaaaaaBa 
GGaaaaaQB 
aaaaaaaBa 
aaaaaaaaa 

27 

aaanaanaa 
aaaaaaaaa 
aaaaaaaaa 

aaaaaaaaa 
GaaaaGGa 
aaaGBaaaa 
DaaaGBDaa 
~' DBaaa 
aaaaaaaaa 


23 

maaaaaan 
aaaaaaaaa 
DBaaaaaaa 
aaaaaaaaQ 
aaaaaaaaa 
aaiaaaaaG 
aagaaaaaa 
aaHJaaaag 
aaaaaaaga 
aagaaaaaa 
oaaaaaaaa 
paaaaaoaa 
GGaaaaaaa 


JggaaaaGG 

GBBaaaaai 

waaa 

aaiaaaiaa 


jaaaai, 

aaaanaaa 


laaaa 
"DBa 
^^ — ™_iagB 
gaagnaan 
BaGBaaBGG 
iaaaGHaaa 
oaaaBaaaa 
BBaaoaaag 
DaaaoaaBB 
DBBgac 

GGRaa^ 


28 


■aaaaaag  gaGGGi 

DBBaaaafi  aaaa^c 

iGaGGBaa  Baaaai 

DGGaaaan  Dmaic 


aaBaaL__ 
^Gigaaac 

laaaa aiaa 


aGGaaaaaa 
"rzaaaaar 
aaaaiaaai 


aaaaaaai 

aaaaiaaL. 

aGBaaaaaL 

aaGDaiaaa 

iaGaaaaaa 

aaGGGGana 

aaaaaanau 


aaaaaaaag 
agaaaaaaii 
GBGaaaaaa 
aaaaaaai::: 
aaaagaaaG 
aaaJlaaaDa 
aaaaaaaag 
aaaaaaaaa 
aaaagaaBG 
aaaaaaaaa 
DGGBaaaGB 

aaaaaaaaB 

aaaaaaaaa 

aaaggSaaa 
aGGBBaaaa 


laggwgi 

laaaaBaaa 


;a 


D^Diayaj 


aagaaaaaa 
aaaaaaaaa 
aaaaaaaaa 
aaaaaaaaa 
gaaaaaaaa 
aaaaaaaaa 
aaaaaaaaa 
gaagaaaaa 
aaaaaaaaa 

15 

aagaggaaa 
agagaaaiG 
aaaaaaaag 
aOaaaaaa 
aaaaaaar" 


aaaaaaai 

20 

aaaaaaaaa 
■aaaaaBaG 
aaaaaaiaG 

aaaaaaaaa 
aaaaaaga 
aaaaaaaaa 
oaaaaaaaa 
aaaaaaaaa 
Haaaanaa 


aaggoai 

aiaaDaoai 


aaaoL  _ 
aaagai 


loaa 
laai 

lagi 


aaaaaaai 
aaaaagaa: 

naaaaar" 


aaaaaaaaa 
ggaaaaag 
aaaaaaaaa 
ggaaaaaag 
agaaaaaga 
aaaoaaar- 


— laaaggag 
aaaaaaaaa 
□aaaaaaaa 
aaaaaaaag 
iaiaggaaa 
aaaaaaaaa 
gaaaaaaag 
Boaaaalaa 
aaaggaaafl 
aaaaaaaaa 
aaaaaaaaa 


aai 

aaa 

aaaaaaaag 
aaaagaaag 
aaaaaaai — 

aaaaaaai 
aaai 
aaaai 

Biggaaaaa 
aaaaaigg 
aaaaaaaaa 


jaaaa 
oaaag 
oaaaa 
aaaao 
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31 

■DBDDaDaa 

DiaHDHQD 
DDaDDBDBD 
■DHaaOHDH 

GBDiinDDnn 
DDHaHBaHa 

DDDDnDBaB 

iDpanDDla 

JBiDlDCZZ 
□DDBDBDaa 

■aagBDma 

BBDQaDaDB 
DBflDBaDa 

DDDDBaBaa 


DGBDlaDDn 

aUDBDBBnr 
DDDDDDBl 

DBBaaaaai 


32 

aBnBDBDan 

BiBDBDDBD 
DiaQDDBDB 
UQDBQBBBD 


DDBDBDBDD 
DBBBaBOGB 

BDBnaDDBn 

DBaDBOBSH 
aDDBDHDBD 

BaBBBDBaa 
DBDBnnnnB 

BDBDGBDH 
DDDDBnBDB 
DBDBBBDBa 

EnBOBanDD 
BDBnDBDB 
DDDDBnBD 

Dor 


33 

GnaBBOBBB 
GDBBDBDiB 
DBHOniDDB 
BHDBHUHDa 
BUIHIBCGIUia 
GMMLGOBBH 
BBGffiUsfflUaa 
HGaufe&ODB 
GHfiGG&ilGHB 

gBGfeJGGBIiG 
GGBHGBGB 
GGGBBBGBB 
ID 


IGI 


SaGGBI 
GGBBI 
QGBGBnGkB 

BGGBBDBBD 
BGBGBBaa 
BBDBiGaa 


34 


jGaBBaoL. 

OBGGDBGQD 
DGBBGGBBB 

BaGGBaaGG 

GBBGGBBBG 
GGGBGGGGB 
BBGGBBBGG 
GGBGGQGBG 
BGGBBBGGB 
GBGGGGBGG 
QGBBBGGBB 
BGQGGBGGG 
GBBBGGBBG 


35 


IGGBGB 

GBGGBBGBB 


SGGaBGGGB 
BBOGBBGU 


DGI . 

GBBGDBGBl 
BGGBBGBBC 

BGI 

GBH  _ 
BBGBBGGBG 

GBBGBBGGB 
BBGBGGBBG 
BGBBGBBGD 
GBBGBGGBB 
GBGBBGBBD 
BaBBOBGGB 
GGBGBBGBB 

BBGBBGBGQ 
GGBGBBGB 
GBBGBBOIG 
BflUOBar  ' 


H 
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36 


37 


39 


aDBinnnn 
DlDr 


DDGDD 

DDBDiGGBg 

DBiaiBGGa 

DainBGGGD 
DDOr 
DDE. 
□DDI 

gRgb|GHG 

ODDalaiGD 

OBaaQBGBG 
DGGGBBGiB 

nanaaBGBG 

bdbgggbgb 
ggggbbgI 
DGGgaaiGB 

BOGBaOGBG 
BGGGGMn 
QGnGGGBg 
DBGGBGGGB 
DBBGGGGBB 
DiaGGGGGB 
iGBGGBGGa 

■gbbggggb 
■GBGGGaaa 
dbdbggbgg 


■anannnnn 

DDCaBGBBa 
DGBBGGBBD 
OBOGGGGGa 
DGGGGBGBB 
aGGBBGGBB 

BaBGGGaaa 
GGaaGBGB 
CGGBflGGB 
DGGBGaGGG 

BaGGGgBG 
GGGBBaa 

DDGGBGGGn 
GBBGGGGGB 
DBBGGDBBD 
GGGGGBGGG 


IGBBGGGGG 
JGBBaGGBB 
GGGGaaBGD 


GBGHGGGG 
BGGBBGGGB 
GGGGDaGBa 
GGBGBBGGa 
BBGGBBGGD 
GGGGGGGGB 
aOGBGBBGD 
GBBGGBiaa 


BgBGGBGGG 
GBGGGGGGB 
BGOGBOGBG 
DBGBGGBaa 
BgBDaGGGD 
GBDDGBGGB 
DGBGBGGBG 
aBOBGCGGG 
BGBGGGBGG 
DGGBGBGGB 
DGBGBGGGG 
DBGBGGGBG 
BGGGBGBGG 
GGGBGBGGG 
DGBGBGGGB 
GBGGGBGBG 
GGGGBGBGG 
BGGBGBGGG 
DQBGGGBGB 
DGGGGBGBG 
DBGaBGBGG 
BGGBGGGBG 
DDDGDDBGB 
DGBGDBGBg 
nBGGBGGGB 

BaaaDGGBG 
aaaBOGBGB 


BBBGGBBGG 
GGGBOGGG 

GGGBaaaGB 

GBBBGGBBG 
GBGGGBGGG 
BGGGBGDGG 
GGBBBGGBB 
GGBGGGBGG 


GBGGGBGGa 
Z-GBBBGaB 

anaiGGGBG 


aGBOOGBGO 
BGGBBiGG 
GGGGBOGGB 
DGGBGGGBG 

BGGGGBGGG 
GGDOBGGGB 
GGBBGGBBB 
GBGGGGBGG 

SGDGGBGGG 
GGBBGGBB 

aaBGGGGBa 

GBGGGGBGG 
BBGGBBGGB 
GGGBGGGGB 

aaBGDDDBa 


BGBaaGGan 

GGGGGGGGB 
GGGGGBGBG 
GBGBGGGGD 
BGGGGGGaa 
GGGGGGBCB 
GGBGBGGGG 
GBCGGQGGD 
BQaGGGGBD 
QGCBGBGGn 
GGBGGOGaa 
GBGGGGGGB 
GQGGBGBGG 
GGGBGGGCG 
BGBGGGGGG 
GGGGGBGBG 
aGGDBaGGG 
QBGBGGGGG 
GGGGGGBGB 
GGGGGBGGG 
GGBGBGGGG 
BGGGGGGBG 
GGGGGGBGD 
GGGBGBDGD 

aBaaaDQGB 
GGGGGnaBa 

DGaDBDBDD 


. JG 

._  MGBG 
_JGGGiBaa 
DBGGBGaGB 
DGGBGGBGB 
DBBGGGBBG 

BGBGGBGGG 
aaGBGGBG 


GGBBGGai 
ZBaiGZ_Z__ 

GBGgGBaaa 


Gl 


iGGBGG 


JGGBBGGgB 
GGBGBagBl 

BGBnCCBGQ 
B'^GMagy 
nznanlaGB 

r:'W-i--r^GBG 
['■a~  'MiGG 

B'  -'  ■  ;bgg 

G,  ■■:::■'-. GGB 
GBDDOBGBa 


GBGBGGBn 
BGBBBGGiG 


GBGGGM 

GGBBBGGGa 
DBBGBBGGG 
GGBBBGGBG 
DGGBGgBBB 
BaGGGBBOB 
DOBGGGBBJ 
gBBBGGGBG 
BBGBBGGGG 
DBBBGGBGG 
DGBGGBBBG 
DGGGBBGBB 
DBUGGBBBa 


JUUUBUU* 

DBBBGBGB 
DGiGBGBB 
^GBGGBGG 


IGGGGGBG 
GBGGBBBGB 
BBBGGBGBG 
apGGQBGQr 

BGGI 

GGGL 

BBBGBGBGG 

GiGBGBlflG 

GBGGBGGGG 

BGBGBGGBB 

GBOBBBGOi 

aGBGGGaai 

BGBGGBBBG 
GBBBGGBGB 

BGGGGGBGG 
GGBBBGBG 
BBGGBGBGB 
aCGGBGGBG 
DBBBGBGBG 
DGBGBGBBB 

BGBGGBGGa 
BGBGBGGB 

BCGBaGGDa 


GBlGBBGiE 

BBGBGBBGG 

BBGBGiiGG 

GBBGBBGGG 

GBBGBBGr~ 

BGBBBGBI 

GBBGBBGL_ 

GBBGBBGGG 

BBGGGBBGG 

BBGGGBBGG 

GBBGBBGGG 

GBBGBBGBB 

GGBBBGGBB 

BGGiGGBBfl 

GGBBBGGBB 

BBBGBBBGG 

BGGGGGBBB 

BBBGBBBGG 

GGBBBGGBB 

BGGBGGBBB 

GGBBBGGBB 

GBBGBBGBB 

GBBGBBGGG 

BGGGBBGG 
OaGBBGG 


GGGBGGL-^ 

I  GGBBGGBB 
BGGBGGGB 
GGBGOBBBQ 
GGBBGGBiB 
BGGBGGGBB 
GBGGBBBGD 
GBBGGBBBG 
GGBGGGBBB 
BGGBBBGGO 
BBGGBBBGG 
GBOQGBBGG 
GGBBBgGBB 
BGGBBBGGB 
BGGGBBBGG 
GBBBGGGBG 
GGBBBGGBB 
GGGBBBGGB 


IGGGBGG 

GBilGGBBD 
GGBiBGGBG 
BBGGGBGGB 
BBBGGBBGO 
GBBBGGBGG 
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nnnnDDDDDB 

DaBDDDDanD 
DDDDDBDnDD 

DQaaaDDOBn 
DBnananaDD 

nDDDBDGaaD 
DDDDDDDBaa 

■QDnDDDGaa 
nncBnanaan 
DDDuDDBaaa 


DBaannBBnB 

BaBaDDDBBa 

DBoBaaaDBB 

nDBaBDDDDB 
DDDBaBnDDa 
aDDDBDBDDD 

BDDQDBDBDn 
BannDBDBD 

DBBaaaQBDB 

■aiaaaauBa 


BBOBnaBDnn 

DBBaBnaBDD 
aDBBDBDDBn 
DDDBBaBODB 

BunnBBaBDG 

DBaDDBBDBG 
DDBDDDBBaB 
BDQBGaaBBa 
GBGaBDaOBB 
■DBGGBGGGB 


BGDGBBaGBD 

GGGBBnnBHB 
Gl  ;BBi  ii  B^BI 
f]BB'  '  B:  .B 
BBL.:..B,  ^B  .  .' 
BuuBGBLjLjUB 
QGBGBGGGBB 
GBGBGDGBBG 
BGBGGGBBGG 
GBGGGBBGGB 


BGaGBGaaaa 

nB(  inGGHBGG 
(  '»  iB'  "■  'i  WrJGG 
1  .    '    B  '!  ''GB 

.  ..  a  .GBG 
UBu^uBuGGD 
BGGGDCBGGG 
DGGBaGGBna 
GGBGGGGGBG 
GGGGGBGaGB 


DBBGaaoaGB 

GGGGGBBGBG 
BGBGGQGBGB 
DGGBBaBGDa 
BGGGuBaBBn 
GBBGanGGGa 
DC^BLT.BBGBa 
B-B.  .  i-QuB 
GBDBBnBGGG 
BaQGDaGBBG 


GGGBGBGBGB 
BBBGBBGGBD 
GBGBGBGBaa 
BGBBQGBGBB 
DBGBGBGGGB 
BBDGBGBBBG 
GBGBGGGBGB 
GGBGBBBGBB 
GBGGGBGBGB 
BGBBBGBBGG 


DBGBGGBGGB 
DBGGBGBGBG 
OBGDBGGBGB 
GGBGBDBGGB 
□aiGGBGBGB 
■GBGBGGBGG 

BGGBGBGBGG 
GBGGBGGBG 
GBGBGBGaBB 
BGGBGDBGBG 


BGDBBDDDaa 
GBGDGGGBBG 
GGBGGBBGGa 
BaGBGaDDGB 
CGGGBGGBBG 
GBBGGBGQaa 
BGGGGGBGGB 
GGGBBGGBGG 
□BBOnGGGBG 
DGaGGBBGGB 


DBBBGGBGOB 
DBGGBBBGBG 
DBDGBGGBGB 
DGBBBQBGGB 
GGBaGBGBBi 
BBBGBGGBGG 
BGGBGBBBGG 
BDBGGBGGBB 
GBGBBBGGBG 
■GGBGDBBBa 


11 

GBDBaanaDB 

BGBGBGGGBD 
GBaBOGGBGa 
BGBGBGBGGG 
GBGBQBGGGG 

naGGBDBnBa 

GGGBDBGBGB 
GGBDGGBGBn 
GBGGGBGBGB 
BGGDGGBGBG 


12 

DGBGBQGBGB 
BaGGGBGGBG 
BGBGGBGBGG 
GGGBGGBGBG 
BGGBGBGGBG 
QBQQBGBGQn 
GBGBGGBGBG 
GGBDBGGGGB 
GBGGBGBGGB 
BGBGGGGBGG 


13 

nGGGDBBBGB 
BBBGGGGGBG 
GGGBBBGBGG 
BGGGGGBGBB 
GBBBGBGGOa 
GGGGBGBBBG 
BBGBGGGGGB 
GGBGBBBGGa 
GBGGGGGBBB 
BGBBBOGGGG 


14 

BBBnDBDGBG 
BGBGGBDBGB 
BBGBBGBGBG 
aGBGQGBBGG 
GGBGBBGGBB 
BBGGBBGBGG 

GGBBaGGiaa 

GBGBGBBGBB 
BCB^":B"CBT 
GBGGBGGBBB 


15 

ggggbggbbb 
gbgbgbbbgb 

GGGBBGaaBB 
QBBGBGBGBG 
B'~BBBi.  .Til  Bi^ 
GBGGGBBBGB 

BBGBQBGBBG 
BGGGBBGaa 
"IGBBBGBGBG 
IGCBCQCG 


16 

BGBBGGGBGG 
BBCBaaBGQG 
[  GB.~BBG::r.B 
GGBBGBGGBG 
GBGGBGBBGG 
BGOGBBOBCG 
GGOBGGBGBB 
GGBGGGBBGB 
BBGGGBDDBG 
GBGGBGGGBB 


17 

BaaaaBGDGB 

GBGBDaBBBG 
GGGBGBBGBD 
GBBGBGGBBG 
BGGBBGGBGG 
GGBGGBBGGB 
DBBDGBGBBa 
GBGBBGBGGa 
GBBaGGflGBD 
BGGGBGDDDB 


18 

BBGBGGGGBG 
GGBGBGGBGB 
GGGBGBBGBG 
GBGGBBGBGD 
BaaaBGBBGG 
GGGBGBiaBG 
GGBGBGGBGB 

BBGBGGGGBG 
GBaGGBGGB 
DBBGGBGGGB 


19 

BGGBaBGDBD 
GGGGGBBOB 
GBGBOGBGBD 
GGGGBBGBBG 
GBGGBGBGGB 
GGBBGBBGGG 

SGBGBGGBGB 
BGBBGGGGG 
GBGGBGBGG 
GBBGGGGGBB 


20 

■BGGGBBGGG 

SBGGBGGBBG 
DBBGGOBBG 
GBBGGBGGB 
GGGBBGGQB 
BBGBBDGBG 
DBBGGGBBGG 
BGGBBGBBCJG 
GGGBBGnaBB 


GGBGGI 


IGI 


21 

BaBBGBGBBG 

BBGBGGBGBG 
GBGBBGBGB 
BGGBGBGGBG 
HBBGBGBBGB 
BGBGCBGBGa 
1  jBGBBGBGBB 


nnWGBGGBGI 

B'^GBGB 

LBG  ^BG 


■•nBGBBGBa 
—    '""BGGB 


BGaGGBaGGG 
GMBijBGBGBB 
G1<':B  :~':BrB 
GGB'IBGBOBG 
I  <B~BB':BaGB 
BGGGGBGGGG 
GBGBBGBBGB 
nGBnBGBGBG 
[)B'"BL]CnBGB 
GBBGBGBGIH 


22 

GBnGBaGBGn 
BGGBGBGGBG 
QGBGGGBGGB 
GBGGBGGBGG 
BGGBGBGGBG 
GGBGGGBGGB 
BOGBGBGGBD 
GBGGBGGBGG 
GGBGGGBGGB 
BGGBGBGGBG 


27 


GGBI" 

■-  "b 

GBi_r:i 

BGHB 
GGBL:: 
GBGC 1 
BQGB 

1  .  .B    '1 

..BBB:  1 
.BBi  BB 

.Bg. 

GGBf 
GBBB. 

B       B 
.^B  -.^B 

23 

ODGBnaGGGB 
GGGGBGGGBG 
QBGGaBGBGG 
BGBGGGBGga 
GBGGGBGBCG 
GGGaBGGGBG 
GGGBGGGGGB 

BQBGaaBaQa 

GBGGGBGBGa 
BGBGGQBGra 


PH^ 

^^B'  :a^ 

'  a 

B  Ii  a  a 

a 

(  a 

w  . .  a    1 

1    II  a  a 

aa 

aa^ 

a  a 

1  r  :, 

a  a 

an 

BBi 

iB:  a  a.  :i : 

1 ;:  a  .  '  .a; 

a. 

a  a  a  ■ 

a:. 

.a^a...^ 

a. . 

24 

■BGBBGBBBG 
BGBBGGGBGB 
GBBGGBGGBB 
iBCar.'G.-BB  I 
iGBBBGBBGB 
GBBGBBGBBB 
GGBBGBaGB(  J 
BGGBBGrBGG 
GGBGBBGBBG 


HBB 

■GBBGBB 

r^B- 

29 

-a a^ 

LiuBL'aauBGij 

BGGBGGBGGG 
nnGBGGBGOB 

nnBnBBGBnr", 


25 

GGBGGBBGBG 

fBi  II. a  ':  a.':i  1 

BGrJBGBnGBD 

GUBr:r'i-:BUGB 

BGG 
I  jBG 

I  jijBi  a  ;ai  'GGB 

aBGBGGBGBG 
aGGBGGBI 


BE 


GGGBGI 


30 


B" 

1  :.  a 

a.  a. 

:.  a: 

1  a 

a     1 

aaa 

'ijaa: 
aaa.  ; 

a    1 

■ 

B' 

a. ... 

a._B  .. 

GG 

IGGB 


7S 


JGG 
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34 


36 


nnnniDDM 


iDaBDa 

aQBBiDDDGl 


^annni 

DDnnBBBDp 


DO 


DBaDDDnBa 
^aaBBHDDa 
■aDiaaaan 
ouaiaaaHD 


36 

DDBnQDBnn 

aaDilDnDDi 
cSnlDilaD 

"DBDliaDBa 
lannnlnnDB 
jDBsaaiDna 
DDniDDGiiin 
■■DoiamlD 
DiaaaHiDDD 


37 


annBDBnian 
DBDBnnBDD 
DlnDDDDBDB 
DianBDBDBD 

BaBDnBDnia 
nnnnnBDBDl 


DDI 

iDDi 


DBDI 


gBDBnnnDC 
DDiaaBUI 


42 


DBCBnCDBDn 
BD( 

BQI 
Dl 
nOL 

DDBnani 
Ill 


'GDBDBaDQ 

"lannBDB 
_jDnBnG~ 

aBoaaDi: 
nanBDi 


BaDBGDnBDL 
GBQGQBGGg 
GGaBGBQGGB 


GBQGQBGGGB 

GgBGBGGGBG 

"iBGQCBGBGG 

— iBaGGBG 


BBGC 
GGC 


43 

GGGI 
GGE__, 
"IGGGl 

"TaaaiGG 

jOGGBGr 
._.  DQBGCBOr- 

GalGGBg-^^ 

GtoGGBQOBG 


DBGGBBI 


GGI 


IGBGGBG 
Gl 

GBGai 


IGGBGBGGI 
IGBG. 


QGBGl 


^i 


51 


52 


63 

onBaaanBG 

""T-ZIGiGa 
JGBGiaaBGQ 

GBaaBaaaGB 
GiGaaaBGia 
nGQiaiGGBr 

GGBGQGalGB 
aGlGGB 


GgGQBGlGGB 

oibiaGiaGa 


54 

laaaqBgBG 

""       IGMG 

aaaa 


GGGGI 


liiaaaaBG 


55 


BBGGG 
GGGG" 
□GBg' 


i§Hi 


GBBGGGQGGB 
GGGGGGBGBB 

SGOBaBBGaa 
GBBGGGGGa 


BGGGGGGBC 
GaGGBGBlOC 

GBaBlauGac 


56 


57 


GGQBGagGGB 
GGBGGQBGGG 

GQaaaBanaB 


GQBGGGGGBG 
GBGGGBGGGG 
aaGGBGGQBG 
QBGGQGGBGQ 
BGGGBGGQGG 

aaGBaGGBOG 
GGGGGlCaa 


appBaGi 
Goacji — 


_  _  JCJGGI 

GGr— -- 

GGBGGBGGGG 

GggaGiGGBa 

GBOGGGGGBG 
GlGGBGGGGG 
""IGGBGG 
.JGGBGG 
iDDDaaG 


IGQGGBG  aGGBI 

IBGGGGG  BGMl 

IBGGBGG  IgBGI 

IGGGBGG  GGGa 

IDDDaaG  DBGBI 


68 

■BGBQaGGBG 

gBbgEgggb 
gbggggbgh 

IGMGiagGD 

JoMaaooBGB 
GgGgflGjjiGB 

GBGBiaBGGG 


69 

iGoaaGQG 

GGGBBaaGGG 
GGaGGGBBGG 
BGGGGGGGGB 
DaBBGGGGGD 
GGGGGBBGGG 
GGGGGGGGBB 
GBBGGGGGGa 
GGGGBBGGGG 
DDaDDaaBBD 


GGI 
BGI 


lODDaaGGGI 

iGGBBGGBB 

-jggGGQQG 

GGBBGGBBGL 

BGGGaGGGDL 

GBBGGBBGCg 

naaapaa GGB 


:ga 

GBGGBBI 


GBBGGBg 
DGDGGGB 
i^aaBBG 


JGGGGDGGC 

aaai 
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61 


62 


63 


65 


■afaaEiaaa 

DHDDlaaDDH 

■anaaaHGOH 

vomao 

EaHHa 

-laDiD 

iDHcloiaaa 
^laiiDiHaa 


UHL  irjBDDilGa 

BGHnacaDH 
DDiDDDBna 


DDaBDDBnH 

DDlanBaDDi 


Dl 


IDD 


IDDGBBn 

□■DDDBaCBD 


■DBBnDBnDH 

HBHDBiyn 
aDBaDBBI 


n 


DDI 


aBBDBBnn 
nGaBBDBB 


aBDnaoBD 
GoBlaBBa 


66 


inDflnBDi 


■DaDL_ 

DDDDni 

BBDDH 

■aDBDDBOBn 

HBDaDinaD 
DianDanBOB 

SBlBaDBBDD 
DBDGBaOBa 
DBBBaaDBD 
DBDBDDDDaB 
DDOBBBaDBB 

SnBDiDDBDC 
DnDBBBana 
DBaBDBDnna 
■BDanlBBDa 
DaBaBnBPDB 
DaBDaDBHa 
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67 

ID  nBanDBODDn 


DaBflaDBBBB 

BGDDBnnaaD 

DBBDnWBBBQ 

anDBDoaDDB 
BBDDBniBna 

nDBnaDDDBQ 

BaDBmaoDB 

DBCDDDDBDD 
QDHIBBUani 
BDnaDDBDDD 
QHBBIUDDBBa 
DDDaDlDDDB 
BBBBQDBBDD 
DDDGBDGDBn 


DDI 


inDDBBOni 

jaGBnnDBna 

BBDDBBaDBB 
■DDBBQDiBB 


iDBaBcnnna 

jnpDHIDBnB 
DBDBnaDDGB 


DaDMBaBaBQ 

imnania 

HQBOBDg 

aDDDBDB 

-DBDBDDD 

aDDniDBil 

JDBDBDnan 

.DDDDBDBaB 

iDBDBaaaDB 

DDDDiDBaBD 
aBOBDDDaBB 
DDDBDBDBDD 


SDBnaD 
DBl 


IDBOI 


BDBaDBDnBa 
nBDBDDDDD 
DBDBnaDDQB 
aioBDBDDBa 

BDBaBCjnBaa 

DDBDBnBDDn 
DBDBDBDDDa 
BaDBDBDBaa 
□DBDBaBaDB 
nDLJDBDBDBn 
DDDBDBDBDD 
DDBDDBDBnr 


BBDDBDBDBn 
nnnDDBDBn 

nnDDDBQBDB 
DBDQBaaBaB 
BODBDaBDBa 

■DBannnnBa 


DBDBailDnDa  _„ 

BDaaaBBOBa  dIdbddi 


DiDDDDDBDl 


70 


BBBnggBDBn 
□DP— MDBr^ 


-JDI. 

gaflaBBBDDa 

BaBDBDDaBB 

aBDBOBBBDD 
BOBDBaDOB 
OaflnBDBBBD 
IDBDBDDD 


DDBBBL 

BBDDDBCHDB 
□GUBBidial 


71 

DDDDBniDB 

DBnnBDBaai 

BDBaDDDDDD 
DBiaaCDBDB 
DBaBDDBDBD 
UDBBDliaBDn 

dbdUdddob 

nonpinBaB 
nnaDBDBDDa 
DBaflQBBaaa 
BDBODaaBaa 

GBnaDnBBDB 
DDDDDDBDBD 
DDaBDBDBBD 

DaBaBDainB 
DBOBDaDaBa 


72 

flOflaBanBDa 

BDBnDDBDDD 
DBniDBQaBD 

nBaBDDDBca 

DDBGBaBanB 


DDBDBanDBa 
BaDBDBDBDG 
DQDBDBQDni 


DBDDBDKI 
^BDI 

DBl 
DiOD 

SDaBnDBQBD 
DBDDDBDBD 


BQDDBQB 
DOBaDBni 
DBDDDI — 


on 
tpr 


DBaDBDDBDB 
QDDBDDnlDi 
BaBDDBDDBn 

BDDDBnnnB" 

nBDBanBnai 

DiaaDBDDa 


■D 
OB 


73 

BaDBGDPDm 
QDBDMBBDD 
BBDDBDDaGB 
DnDBODBBBD 
BBBQDBaaDa 
aDDnBDGBBB 
DBBBaDBaDD 
BODDDBDam 

□QBmaaBDa 

ssays8gs5 

BBBDngaBoa 

DDDDBBBnOB 

aBBBamPBD 

PDBBBPPPPB 

BnPBBBPPPD 
DDBDPPnBBB 

DBaaMuaGG 


74 


BD^nnnnnB 
DPBBDPI 


D 


SDPPPL- 
DPBBPD 
BGGPDPBBP 
lOPD 
iBPB 
IPPDP 

IBPBB 

BDPBBPDDPi 
DGPDftiGBBa 

npiiPDapBi 

DPDBBPBBPD 
PBBDDPPBBD 

pplBDBflaaa 
■fciappMBDn 


pppppiBDGpn 

■PPGPBBr — 

■bdbbpcl__ 
aaDaiBPDBi 


ipppp" 


75 

BnoBnannnB 

DDBDDDBBDD 
BBDPBODOan 
DDGBODDBBD 
PBIDDBDGOG 
DDPOBODUBB 
DPBBDDBDPD 
BDPPPBPPPB 
DDPBBPPBDD 
BBDDPDBPaa 
PaDDBBPGBD 
DBBPaPPfco 
PPGPPBBPDB 
DPBBDDDnBO 
BaPDDDBBPn 
DQDBBPPDCB 


DBPPDGPBta 
BDPDBBDDDP 
ODBPDGPDBB 
GBnDPBBDDn 


78 


80 


nnBDBGGBDG 
DBDDPPBDPB 

SlDBaDBGDa 
pgaGBPaBD 
BPilPPlnapg 

GgPPBGDBPl 

DBGoipppr'^ 


ynaagpi 


JPPDOBD 

_naBOBaP 
_jaaPDBGB 

DBDnBPBPPP 

"nipanpiPBD 

BaaBnippoa 
pgpniPBon 

DGBaBUPGGB 

naagBPBPPB 

PBGBPDPPBa 

BppiDBPaBn 
PBDaoPBDa 


'SI 


PBOBnOGI 

IpgPBPgi 
PBDPPBDBD 
GPGBPPDPBB 

□BgaaBPBGB 

aPBGQPPBBG 
GDPBDBPBn 

ninPGDllpa 
gnpBpr~ — 

BDDGDI 


-  _  ^-JPPP 
DPBPBDBOBD 
GPDPBBPGDB 
DBPflPBGBDD 
DPPBBPPnBD 
BCJIGBPlPPn 
GGiBaGDBGG 
GBPBPBPPPB 
OlBGaGBQGD 
BQBGBDDGlG 
BBGGGBGPaa 


BnDBPGPBGB 
BPGGGBlPP 

BigPBaaGBG 

GGBGGDPBia 
QBBDGBaaGB 
aGQBGGGGBl 

iGBBGGBGGG 
ggpbgggpb 
■pbbpdbog 
bIgggboggg 

GGBGBaGGBG 
aBBGGgBDPP 
^GBlDGr 


^JGGGBGG 

aGBBGG 
GGPIG 
GBGaaBGBBa 
nDGGBBGGQB 
GGBaPGBGlB 

BaaaDBBaQG 


JD 
DG 


PBPBPPI 

BPBPGOl  __ 

DDBGGBGBan 

GGBOBaBCBG 

aBPBPBPCBG 

BPBaBGPDBG 

DBGGBGDBDr 


JGGGBGIDKD 

■PGBPBPBPP 
DBGBGBGGG 
PBGBGGBGGB 
BGBDDGlaBP 
GPBPGBGBaB 

QBaBQBGGir 


igBGGBn 
-^-JlPDgBP 

GBGGBGGBPB 


IPBGBGDC 
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81 


DD 


agaiiaaDDl 
aGHOGDHl 

aniaaaMBaa 

SMtaDDBan 
ooailiggH 

anllaaaHni 
niaDa— pga 
MaDnHana 
aDaaiaDDr~ 
aoDBBBDr 


■■angpBDGa 
DHDoniar 

DDDiBDaDpl 


■■■anlaHDD 

■aaBfaDGHD 

aWBDaaDBon 
DlaBOQipaa 
■nnDMioaaD 
■■aaBDHaDH 
qgDaDDa— g 
ggamaaiGH 

91 


BnggiQiggg 
DHaggggGai 


ss 


gglGBGaGaG 
ggiBG again 
GagiGGgiga 
aagigggiag 
nagagggagi 
ggaagggaaa 
ggiaaGagag 

yagagagaGa 

■gggBGiggg 
gganigiGaG 

GGGBGaGaGa 
GGBGBGBGBa 


BBBGigGGBG 

gggglGBBga 

nBBBGKiaGB 


„ ^aaaa 

■GaiagBgyg 
aaGGDaaoBB 
gBjaaagaaa 

BGiGGGGiaa 
aiGaaaGBg 
BaGaGoaGig 
GGaGinaGB 

GBaGaGGGGa 

BGGGBGBBBG 
GBBaBll 
□aGGGBa 
GaGM 


82 

nnnagagggB 
iGBQpgBggg 


83 


SggBgggagi 
gggagaac " 

~    GBaGGBC 

laagggi 
Dggagac  . 
igiGggag 

QagGGBgGGB 


agQggBgBBB 


BBGBgggBgg 
gggar 

gigggL 

ogagflgggi 


jggaagGgBG 
gigggagagg 


ggagggagag 
gggagaggga 

Hgayggaggg 
ggaggi 

agggagi 

Bagagggagg 
gggaggc — 
"igggagi 

lagaggiL 

-jgggigggi. 
DGaGGGagia 


igguaga 
"^aggg 


jgggagggaa 
gagggagagg 
ggagBGggag 
gagggigggB 


GBL  _ 

ggaaaggigg 
■aigggggag 
gggaaaggag 
gaaaaGGgga 
ggcgaaaggg 

Bgaaiggggg 
ggggaaagg 
gagaaagggg 
gaggggBBBg 
ggagaaiggg 
agiggggaaa 

aggagaaagg 
ggaggggaa 
ggggaDBaag 


ggi 

aagGBBgi  __ 
gggagigggg 
BggBiggBaiB 
IGBI 


Iggaaa 


igaggg 
pgagg 


igggag 

GBggggga 

gagBnagggg 


JGBGBai  __ 
BaagBGGBQg 
■GBgagGgBQ 
gagaGggggB 
gagigagggg 

SaBGBGaGgg 
gggaggagg 
^iGBnagag 
gagggGGGGa 
niGiGaGGgg 


nagaggGGGi 


iGBGGG 

iGGBgg 
iggpBy 

iggQg 


93 

ggggagggga 
gggaggggaa 
ggaggggagg 
gaggggpggg 
aagggaggoG 

Baaaaggaag 
ggggaagga 

agg^aagga 

aggggagggg 
gaggggaggg 
ggaggggagg 
gggaggggag 
GGGGBnoaoa 

gaaGGBBBBG 

BGoaaaogpB 

Baawinna:^^ 
gaaggBsaaG 


98 


IGBGGaGG 


DGGC 


IGGGaGaGBG 

BGBGaauGr 
aaaGGBGl 
— lir 


gggagi 
gggigi 


iggj 


ggagagaggg 
Bglgggggag 
gggBgagBga 
gBGlgggggi 

aGggigagag 
gBGBGGggg 
gmaaagBga 

aBGBGBGGGa 

aBGaglagd 
gagggggagi 

BggBgBGBgg 
gagggGGBa 
Dgggaaaglg 
gagaggggga 
gggggaGaGl 


jgL 

gGagaaGgBG 
ggagglagflG 
GBGBBGgBgg 


i 

ill 


gBgg^glgg 

■gmiggaggg 
ggiaai( — 
— ^aggir" 
i^gli 


Jggg 

iGGai 

Igaga 

Sgagggag 
glgggag 
TQGBgggagr 

GBG' 


84 

iggaagggi 
:ggBaGQr" 

IBC 


■agggaflggg 
gaggggaggg 


gggaaggna 
gaaagggiag 

Igggaaggga 
ggggagggg 
gaagggaaag 
guggawigg 
gggaagggaa 
ggggagggga 
~~3ggiiggg 
_jgggiBgga 
ggaggggagg 
gggiggggig 

Bgggaaagga 
gganggga 
gaggggaggg 
ggiggggiag 


gggagggnai 
aagggaaogg 

Bgaaagggag 
r 


JagaGGL_  _ 

Bgggggaaaa 

agggggaana 
ggaaigggag 

goGaGGoaaa 

aGGGGGHaa 
GaaaaarnGG 

agggggaaHi 

94 

gagggggggg 
gggggagigi 
aggggggggg 
ggggagigig 
gganaaagaa 
gggagagBGg 
gggaaaBGaG 
GgagHaiaaa 
aGGBagGBGa 
gagigagggg 
ggagagaggg 
BGagiggggg 
gggaaBaGGG 
GBGiggggga 

agagaggggg 
GHgggggag 

GHGigGGGggB 

GH^-GGGgagi 
anraGGgagag 
BGUGGGBaaa 

99 

ggagGBBGag 
BiaQBGGaaQ 
gGBBGgaflga 


gi 


cgBGGgg 


lagaaggi 

qgaaggauuB 

gagggaggai 

BGgMgGBGG 
aGBGGgBGGB 

GaGGaiGGaG 
aagaggaac 


IGG 

^Gna 

Gaagaggaag 


gganni 
~aigaggaac 
lagaggaiga 


igagag 


ggaaaaagi 

aBGGBaaaia 

ggaggBgGBB 
ggaagagg 
oaggagga 


gi . 

aggggi 

gggac: 

gaBBagGOBg 

GGBGGGGaBB 

gaggaaacgg 
aaaggagggg 
ggggaggaga 
gggaaaggia 
aaaGGggaoG 
giggggaiag 
aggaaagggg 
iaggr 

gggCG 

ggataggagg 

GB 


oggL^^ 

ggggliggag 
gggggffliBGB 

zigggag 

^jgggaga 

Jgggagag 

-jgggagagg 

JGGGaGaGGG 

GGgagagggr 
gaanaGGGn 
gagagaolr 

aGaGGGir 
gaaagr" 


gagggagaga 
ggggggggga 
■gggagaglg 
ggggggggig 
gggagaggga 
gggggggigg 
lagagag 

Dgg 

jgg 

iggg 

__jgDg 

BggBggggg 
gigagggi 


_igBc 

lagflgggggg 
bggagggr" 
GiGr 


agaai 

aalGgggGLja 
aBGBgggagi 
ggggggggaa 

IgagggBGla 
GGGaGDian 

100 

I  agggagi 
GGBggai 

GBBgggaaa 

GlGGagGGBL 

BgaagggBGL 
■glggaagGB 

aggagggM 
giggaggg 
gggggagggi 
gaaoMagagg 
aggggifcgg 
ggaagaatjaa 
gagaagaagg 
gggaadiggB 

gggaggi 
gaggaaL, 
agggaggl 
ggaDggir 
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101 

BBGDHnnnan 
DHBDUDOaH 
DBHaGBDDDa 

DBDQiBDDDa 

DnaaiDDBaa 

aaaoiiiaDla 
DDDBanBBaa 

DDDDaBBpDB 

BDaGBDDBBn 
naDDDBBDD 
DDDPGBDDBB 

laDDDDBDDB 
mBDDDDCM 

BBDnaDnBoa 

BanBDDDnQB 
□BBUDDDDBD 

106 

SCBBDBn 
DDDBDa 

□■DBgnagS 

BraoBBaBBa 
DBDDBnDnB 

BBaiDDBBan 

DBDiDBDnBa 
■DBOBOBlaB 

BDBflDBaaBfl 
aBBDlDBpH 

BBanBiDBaa 
QBanBDiaB 

BBDBBDBDBn 
BaDDBDnia 

DGBBDaBBGB 
GBGGBGGBal 

111 

B  100800000 
DBBDDDOGB 


_  DGBGGI.. 
IGDBBGaBGG 
DOBiGGBOGQ 

BBGOBBDOGO 
aaBBoaBDo 
DGBanBaQDr 


o 


102 

nODODBBDOB 

BoaBBGoaca 

GaaGBBGGBD 
DGBBQGOGGB 
GCGBBOGBOa 
DBBGDGGDBO 
GGBBaOBDao 

SiliGGaQQBDa 
UBBaOBGDOa 
QGGDGBOaB 
BaGBaaaGo 

OGGDDBDDBB 
BOGBDOCDOB 

uDooBaaBBa 
aDBaaoaaBB 
acaBOGBBoa 

DBDDGOGBBD 
GaBGDBBQDO 
BQaGGGBiaO 
GBGGBBGGDa 

107 

EaODDBOB 


103 


OBOBOOBOOB 

BGDBaainBa 
_Qaii 


agBDBGBDa 

iDBGBGaBGG 


IGBGGI 


JBDGBD 

a^DOBDBOS 
GDBDBDBDal 


OGI 


DBnoii 

GBODBL. 

BoaBoaoBi 
DBGiOail 

— naBr 

igb: 

lOBC 

DBGI 


QC 

DBGL ^       _ 

IDGBaDBOBG 
-|~G 

OBOQiDBC 


GflOBapOOBO 
BDBGGiOGlo 
QOBDOBGI 


DGI 


at 

IGGl 


Bg^gk^^ESy 


lonGBaBaaB 

IDOOGO 

JOlOfiJoBSy 
OBiOGOflGBG 

oaDBOBBDoa 
BOBiaoDBcH 

HGonfaooBa 

QOOGOBOBiQ 
nODB 
IGBB 
iDDD 


, _JOBBDa 


OGI 


113 


DOODBBaol 

OODBDUBB 

OaBaOBBOGB 
IBD 

^ loo 

naooar ' 

UGl 

^OOGOGBI 
'OBGOBaGL 
naGBGDBa 


BP' 


OBOBOOBOOB 
GGBaOBDGBO 

BGiGDioDia 
aBOBQGOin 
GBGGBGGBGB 

BGOBGQBOOa 
GGBGaBOBO 
BQBGGrjBGGO 
DlGaBGBOr 


DBDL 

oipoi 


IGBGOI 

■aor' 


QBGOBnOBOB 
BGBDBGGGBO 
DDBaGGBGBo 
DBaBGaBGnB 
DDBGGBGBCB 
BGBGGGBGBG 

gaGOBGBGGD 
gBylaBp 
oByBIBBpa 

DGBQOBGL_  ^ 
OBGBGiGGBC 

ggbgbobgIg 

SGBGQGiGGD 
□GIDIGBOD 
-       nODB 
DOG 
— ^G 


IM 

BaBBGOBOOB 
GDGBBGGBBG 
GBBGGBQGBB 
GDBBGGBBGD 


GBaaGGGBBG 
GaBBDBBa — 

— "oolr 
,_JBBnl ^ 

DGGDlBGOB 


GGBBOBBr 

DDDGBBGU 

lOBBGnBO 


QGGC 


■iBsas 


105 

BBOOGBOOOB 
QOgBGGUBBB 

nBBaQGBoaa 

GGgBGDor^ 

iBozz:i_. 

jDBGGQL 

GGBBBGGQBG 

"oaaiGGG 
lor — 

DDD 
^DQQBG 

BBBaSKSBy 

GGBGOOBBBG 

zBaJpo 

GBGOGBBBOG 

nor 


BoDI 

GBG 

BByBSByyBS 


110 


DOOBG 


DOBBGQnai 

OMOGBBGOa 

114 

DGBGODDDDp 
OGGGGGGBOO 
DDGDGGQnnB 
DGGGBGDGaa 
DGaDODBGOa 

GBcaQDQaaG 
DanBaGDono 
GaQGDaaoBO 

BaGGGGaUDG 
QaQQGBGGQa 

GQaaaaaBQG 
GGBaQGoaaG 
OGaQBoaGoa 

GGGGDDGDGB 

GBDaaaGGGO 

GGODGGBaGa 
DDDDDDDDBO 
DOOBODDODO 
OODDDBaODD 
BODDDDDDDD 


115 

_DOOOOBB 

.znODDDBDn 
laODOBBDor 
Z--Z3DnBBL 
DOBBDOBDDn 
IDI 


DDDDI 


SDI 
BC 


O 


CBDOBBaDDO 
BDDBDDOZDB 

§BBOOODDBa 
ODDGOBBDa 
DGQQlDGBB 
aDGBBGOBDa 
DOBDOWIDDa 

BByDBaopoD 

DOBBDODDQB 
OBODDODr^- 

BDDDOOr       _ 
poDBKoBa 


DDDDL, 
OODBDI 


luuy 
iDDB 

iBsy 


IDDI 


DDBDOOa 
lODDDD 


DBDBDBDDOO 
DOaDDDBGBB 

BOBGBGGGGG 
GGGDBBaBQ 
DBOBoaaopB 

QGOaBQBBGn 


BOBOGGGGBG 
nGBBGBapa 
OBGDGGGBGB 


^^BGBBGOaa 

BDGDDDBDBG 
BBOBODOGO 


GGGGGBOBGL 

BOBBDOGDaa 
ODGBOBOBa 
BDBGOODOnB 

DODBOBaBga 

BBQaauGOBG 
GGBOBOBaOG 

BGDaaGai 


iGBogBoon 

IGQGBPIO- 
DBIoiooi 

OaKODBBOL 

JDUDI 
DDI — 

DOI 

gBOOOBBOBG 
BflBOOBBOOO 
DBDnBgOOBB 

oggMBooBB 
DBBoBaDBao 

OBBOGGBiBO 

BDDDBBGBaO 
BOGBBaGGB 
BOGflOOaBBO 

□aBBBaGBia 


_a 

IGG 
-_    „ BG 

SGOlGGBOB 
GOBOBODO 
SBDBgnBG 
OGOBGOO 
GOBGBOB 
jgiGBGDOBG 
DBGBGOBGOB 

lOGgigGGBa 

iOGaOBGBOG 

laBDOOBaoa 


IGBOI 

ZOBQC  _ 

BOBDODBOGG 


IDBBGDBg 
_  ZBGGBBGB 
DGGaBDDGBG 
GBOgDBGQDD 
BGBBOGBGDB 
GBOGBBOmO 
nGBGaOBDOG 
GDLBOGaOOB 
BBnGBOOBBO 
OGnOBBGGB 
BnODBDODOO 
DBnODDOBDO 


CBDBDODI. 
GDBDBaUDBa 


DDDDDBnaOL 
BDOBBOBBoa 
DBB^DOBDOBB 
BODDOGBDaa 
DUDBDaUBGG 


(213) 


Standard  Weaves  for  Textile  Fabrics. 


121 


IDBD 


■■aani 

DiaanuHUH 

naHBiaHGHfl 

■■aaDHDBHa 

DBHDiiaHHaa 


DnBDiaDDi 

^DBBna 


DDI 

ac,^ 

BQBBDDDBna 

BGI 

DBC . 

DaBDBaBBaa 

BaDBOBGDaB 
aOBBBDBDBB 
GBBDBBDBDa 

BBGGGBBGBD 
GaBDGBBDB 


126 

GBDaGBGBGB 
GQBBBGGGGQ 
BGGDGGBGBa 
QGBBBDGaDa 
DBGGDBGBGB 
GGBMiaDGGD 
BaDGGnBGBa 
GGBBBaaGGa 
GBaGDBGBGB 

naBBBQaaGD 

BaBDiaBDQD 

QGannaaBBB 

aBaBGBaDGG 

aaannGGBBB 

BGBGBGBGGG 
DGDaaaGBBB 

DBGBGBaaan 
DnnnnnnBBB 

BaBaBDBDGD 

□aauGaoBBB 


I 


131 

nBDBnnnnni 

DBGGBGaBa! 

aaGQaBGBGL 

■GBDGGDGBa 

BaaBGGBaBq 
DGnGBGiaBa 

DBaGGGGBGW 

caBaGBGBaB 
nnaBGBGBzg 
BaaaggBGBg 

DBGDBGBGBG 

GGBGiDBggg 
GaaaaBnBGB 
BGGiaBaBGg 
DBaiGBagag 
aanaiGigBg 

GGBGaCBGOB 
BGBaBaGGDa 

DaaBaBGBna 
QBDiaBaaBa 
gbgIgggggb 
GGBaBaiaag 

BaBGBGaBGG 
GBGaDnDBa 

DBaBaBGGGn 

DBaiGGBGaa 

GBGGGGaBGB 
BCBaBaGGGD 

SnBaDBQGBg 
GGGGaBGia 
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122 

anGDGBBBBB 
GBaaBGGGGa 
BGQGGBBBBG 
GGBaGGGGGB 
BBGGGBBBGD 
DaGBGGaaBG 
BBBaOBBGGG 
DGGGBGGBGa 
BHUGBGGGG 
aGGDGQBaDB 
ZZZZaGGGGG 
GGGGGBGGBn 
QBBBBGGGGB 
BGGGGQGBGG 
GGBBBCGGBB 
GBGaGGBGaa 
DGG^GGBBB 
DGBGGBaaGG 


123 

BnDBBGGCBB 
OaOBBGGBii 
BBBGGBBGGG 
DBGGGGBGGB 
□GBBBGGBBG 
DBiiGGGBBa 
BGDGBBBGGB 
BaGBaBGGGa 
aBBDGGBBBa 
DBBGGBBBGG 
BGGnGGGBB 

DGaaBnGBaB 

^GGG 


124 


■np 

GGB 

IGGBDGBi 

DGGGBBflGGB 


DGBGDBBBac: 
DBBBGGBGGI 

lar 


DBBI 

DGBGGI 


□ 


naDGBQi 

GDI 


BBGGBBI 
GGGBil 

aGBBBGGBBG 
OBGBaGGGBD 

BGGGBBBGGB 
GGBBiaGGB 


□aDBGDDDGG   DDBDDBDBGD 


DBBGGGBBBa 
""iDBDDBDBC  ^ 


127 

DBGBBGGBGB 
GBGGGBBGGB 
BGBBBDGGBa 
BGGaGBBBGG 
GBBBBGGGGB 
GGGGGBBBBG 
BBBBBnGDGQ 
DGGGGBBBBB 
BGiGBGagGD 
DGBaBQpBGB 
BBGBGBGBGa 

GaGGGiagr 

GGGGl 

ZZT:iGBGaGG 
DGGGGGBBBB 

BGGDBaGaaa 
GBaaBoaBa 


IGGGGG 

GGGGGBGBBB 
BBBGBGDDGG 
GGGGGBBGBB 
BBGBBGGGGn 
GDGDGBBBGB 
BGBBBGGGGn 
GGGGGBBBBG 


IDBBGGGGG 

BGGGGBGBBB 
BBGBGGGGn 
GGGGGGBBBB 


IGQDGI 

IGGBBBGBG 
■HBGGBGGGG 
DGGGBGUBBB 
DBDBBBGQBG 
BnGlGGBGD 
GBaGGGBBBG 

BBGGBBBGGGG 
BGGBGGBGB 
GGBGGBBBD 
BGGBBBGGiag 
BGGGGBGGB 
GGBGBBBGG 
GGBBBGBGDfl 
BGGBaGGBGi 


129 

nnnBaGGGan 

BGGaanGGDa 
GGGGDaBGD 
OGGDBGGGGD 
CBOGGGGGGn 
GGGGGGGGBD 
QQGGCBGGGG 
DGBQGDGGGG 
DGDDGQDGDB 

GaapGaBGGU 
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132 

□BGBGBGDDB 
BGGBGBGGBG 
GGGBGBGBGB 
GGBGBGBGBG 
GBQBaGiGBG 
BDBGDGBGBa 


133 


inBGBDnnBD 

laBGBGGBGn 
JGiDBGBaGa 
aBGBGBGGGH 
GlGBGBGGBa 
GBGBGBGBGa 

BaBDBGBaag 

GQBGBGBGgB 
GGBGBGBGBG 
GBGBGBGBGa 
BGaiGBGiGg 

□gQiQiQBy* 

DO 

JD 

GGGr 

oar" 

DP" 


_  _     -GO 

JGBGBDBGGg 

GBaaBGiaaB 

BGaDBOaGBG 
□GG| 

Gor 

B^GBaaaBaBD 
GBnGBGBGa 
BGBGBGBaaa 


134 


□nnBGDCi 

DGBGBBBGGG 
GBGGGGGBBB 
BaGGBBBGQG 
GBBBGGGGGB 
GGGGB^EjBD 
GUnGGQBGG 
BGGGGGBGBB 
GBBBGSGGGa 
BGGGBGGGBB 
GGGBGBBBGG 

gGBGOGGCBB 
BGGDBBBGG 
BGBBBGGGGD 
OGGGGBBBGB 
DGBBBGGGBG 
BBGGGGGBGB 
GGBBBGBGGG 
BBGGGBGGGF 
DGDGBGIIZZ 
BBGBDGGGGL 
GGBDDGBBBG 
DBGBBBGGGD 
BGGGGGBBBa 
DGGaHBGGGB 
BBBGGGGGBG 
GGGBBBGBGG 
BBBGGGBGGG 
GGGGGBGBBB 

BBBGBaaaaa 


125 

BnBBDBgnnn 

GGGGGGBBBG 
BBGBGQGGGB 
GGGGBBBBGG 
aBGGgGQGBG 
GGBBBBGGGG 
BGGGGGBGBB 
DBBBGDaCGG 
DGGGBGBBGB 
BBBGGGGGGG 
DGUGBGBBCB 
GBBBGGGGQG 
BGGGGGBGBB 
DGBBBBGGGG 
DBGnGGGDBD 
GGGGBBBBGG 
BBGBGGGGGB 
GGGGGGBBBG 
BGBBGBGGGG 
□DGGDaGBBB 


130 

DBGGBGBGDB 

BGBGBGGBGB 
GDBGQGaBG 
GBOiGGGGBG 
GGBGBGGBGB 
BGBGGBGBGG 
GBGGDDBQBG 
DiGaDDBGQB 

IGBQGBGBGG 
GGBGBGGBG 
GGGGiGBGaB 
GGGGBOGBDi 
laQBGBGGBa 
'^  "  DBQBG 
~~nGD 

gbgbggbgbg 
ibggbgEggb 

IGBGCBGGan 
iGaBGEDGGB 


BJGBDGBGD 
GBiiGGDllG 
GDiHanGCBB 
alBnBGQLB 
BDBGGBaGi 
BBMaGGEBDa 

GSiGGGaiig 

GBiaBGGGll 
~'  IGBB 

._„GBQGnBBa 

DaGGlDGHB 

nGGaBfiacii 
DGaaBHnai 
iGaaoaaaol 

JGnBGDaHBD 
DGGBflGGlifl 
GGaGBSCDlf 
OaGGGBflGBB 
DGBGGBBDGB 
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136 

nBmni._ 
■DioHaa 

laoDi 


aaiDBanc 

DBaiDDGl 

■DDinac-, 
DDDlnBaaC 

ainalnac 

aDDBDiDaL 

iDBnalaQBD 
DBDDninBDa 
BDDnBaBaDn 

Inn 
oBQBOBnaiD 


DDBC 


□ 


DDnc 


aBaflGDnBio 
DaDlDBBnaD 

gDBannmDD 
DlaflDaaBi 
DDnDinBBm 
naaiDDaDaD 

DDlDBDnaB 

IQQQQialHia 

pDD 

OBBaglpagg 


DDQBBaDl 

DBBngggc 


laDGBBDOBn 

igBBgggnnr 

DiGgaBBanL 
DlaBBgannn 

InagnDacBn 
DBDaDBBDa 

aDlDBBmr"" 

gBDDD 


SpgggDBDBg 
aDGBBDOBr 
BDBBDG 
aannn 


Sgnag 
GDOB 


146 


■gnDBBDBQ 
DBBDBBDBDB 

BgaBQBDaDB 
DQBaiBBDBi 

DBaiBOBBaa 
BaiiaaalBD 

BDBBnaaiMa 

aBDlBaBBDB 

alflaBDBBDa 

BGDBQBDgDB 

— iBBgBaBi 


DOBni 


caBQL 

anBDDi_ 

BaBaGnL___ 

DBGBanBlDn 

DlngBGDDBD 

■aaaBBaoBG 
□BaDBlaaaB 

□GBDDDBnDB 

BGaBBDGBCl 
QDBBDaGBa 
DinDDBDDBa 
DGBB-DDBalg 

BamBaD|Di 

nSlDnGiGi 
aoDBi — 

sstesi 


JDCBCI 
aUGB 

"ilaagn 

DaayagllDB 

DBinDGnGr^ 

f 

DOBDHBDI 

imaDBCB 

□bi^BSKB" 

BiGBDDngBa 

Q 


DBGDgDDDBG 
nGBBDDDDiD 
DGOGBBBaDB 

BQQGGaalag 

GBBGGQGBGG 
GGGBBBGGBG 
aQGaGaBGQB 
BBQanQlGGG 
DGBBBGOBGG 

aGaaaiGGBQ 

BGGQaiQGaB 
GBfllGGBGGG 
aQaQBGaBGG 
GOQalGGGBB 
iHGGBGGGD 
DGGiGnBGQG 

QGGBaanBig 
■bggbggggb 
aaBaaBaGan 

■DDDr 

— ^dd" 

igrigmgc 


DnDBDBGDDL 
IDDDBDaDBG 


_JGBGaDBGI 
DDBGDDBDBl 


DODBGn 
DDBDBD 

BnBDDDBDG 
DDBaBDDD 

— igr 


BDDDL 

nnoBDi 


Soar. 


gDDDI 


_JDDBgBDDC 

gaDBODnBDi 
nnBDBDnDBC 

DDDBDnDBDl 

gDBaDDBDDC 


BDI 

DDL 

BDDDBDgnBD 

nngBDBDaDB 
DDBgnDBnia 
giQiggciiigg 

DBgDDBDnaB 

DDBDBaDDr- 
DDQBnDDr' 
—  ^Bl 


DDBnDDBDBD 

DBDaDBgnaB 

BDDDBDI 

:n 

iBD 

DDlDlannBa 

DBDDDBgBgn 

^DDganna 


DDBgBDa 

BBDBDDn 
qiggni 

BaBDB 

^DBaBDlp 

DBDBgDDBng 
BQiqDnpfoin 
OBDaDBuBQl 

SyDDByBnnQ 
iDBaBaggB 

BDByBgODBQ 
DgBDnnBDi 
anBQBOBQBa 

nBDDganna 

BBaDgBDBaa 
naDBDBDBH 

"DgBnagaQB 
■nagBDDDBQ 
DBaananr 
Bgngana: 


lai 


aaaBoaal 


139 

nnnBDBnnDB 

feBBgaF°^ 

DDDL 
BQDDI 

BBBRSBI 
BBr" 


DDC 

ai_, 

diBDgaBC 
BgBgDr 
iniyanl 
iDuBnaL 
DDDina 


140 


GDI 


aDDBUBao 
□ggBui — 


aGBDDDBL. 

an~BDgnB| 
DDDBDDQ 


BHdi 
DDI 


JDI_  . 

.JmByggi 

jasyysBr 

□gaagBai 
"gnnDDDi 


OD 
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nnnDnnnnnDB 
nannaanDDBn 

naDGDDDnBDG 

nanaDaDBDDD 
DnaDnDHDDnn 

DnaDDBDDDDD 

nnaaHnDDDaa 
CDDHannaDDn 

DDBDnanDDDD 

□■annDDDaan 

■DDaDDDDDDD 


nnHnDDnnnnn 
GDnnBanaaDD 

DDanDDBDGCn 
DDDnDDDDBaa 

DDDziDnaDanB 

DBaDDaDnDDD 
DDDBDanDDDD 

anaDDBanana 
annancnBnnn 
anaDDDnnDBa 
BnaDnDDDDaa 


DDDnDBnnnDD 

DnDDDDDDanB 
nnDnBDDDGDD 

DDDannDDDBa 
nnaBDDDnann 
nnncaaDGBDn 
naBDnDDGann 

aaGGGGGBGDD 
DBaGGDGaDDa 

nanGGGBaaan 
BaDaaaDDDDD 


5 


cnnGDDanBDn 
nanQGBaDGGa 

DaBGaaaGGaa 

DGGGGGGGGGB 
nDGGGGGBGGG 
aGGGBGaGGGG 

GBGGaaaanGn 
GGaaGnGQaBG 

nGGGGGBGGGG 
DDaBaGGGGDa 

BanDGanaaaD 


nnnnannBaDG 
nDDBaaaaGGG 

GGGGGGGGGGB 

GGGGaDBnaaa 

GGBaaGGGGGG 
aaGGGGGGGBG 
GGGGGBGOGGG 
QBGGGGGGnan 

GGGaGaaaBaa 
caaaBUGGGGG 
BaGGaDaaaaa 


nDGBaaaaann 

GGGGGGBGaDD 
aGGGGaaGGBD 
aBGGGGGGGaa 
GGaGBGaGGGa 
GGGGaaGBGGG 
GGQGGGGGGGB 
naBaGGGGGGG 

aaaGGBGGGaG 

QGGGGaGGBGG 

Baaaaaaaaaa 


naaBGGGGBBG 
OGGGBBaGGGB 
BBGQaGBGGGD 
GGBGGGGBBGG 
GGGBBaQQGBa 
BOGGGBOGGGB 
GBGQaaBBGGa 
GGBBGGGGBGG 

SGGGBGDGGBB 
GGGGBBGOaD 

GBBDDaaBaaa 


10 


DDI 

.  GGI 

BGGGI 


DDGBGBBBDBG 
BGBGGGGBGBB 
BDBBBGBGGGG 
OGGGBDBBBGB 
BBGBGGGGBGB 
GBGBBBGBGGG 

BnaGGBGBBBn 
BBGBGaGaia 

GGBGBBBGBQG 
DBGGGGBGBBB 
GBBBGBGGDai 


GBGaBaBGaBG 

BaaBOGBaiGG 

DGBaDBDGBGB 
GBGCBGGBGGB 
nBGiGGBaGBG 
BGaiGBOGBGa 
aGBaQBDBGGB 
GBaGBDGBGBG 

BQGBGGBnDBG 
GBGGBGGBGG 
DGBOBaDBGGB 


BGBGGDGBDBi 
GGGGBOBBBGa 
CBGBBBGBQGa 
BBBGBOGGaBG 

aiGDaaBGBii 


13 


JG 
G 
JGBGGQn 
IGGGGBaB 

JZ3GBBGU 

DGBGBBGGBaa 


ynappiaaai 

BGGI 
CGQGI 


14 


gBGGGDBGBHI 
GBBBGBGGGG 
DGaGiGBBBG 
GBBBGBGGGGB 
DGGGBGBBBGi 
BBBGBGGGOBG 
DGGBGBBBGBG 
BBGBGGGGBGB 

GBBBoiag 

_  ^jaGGBGBB 
DBGBBBGiGGa 


GGBGI 

BGiaaGGI 


15 

GBaBGBnaaaB 

BGGGBGBGBGB 
GBGBGGaaBa 
DaGBGBGBaBa 

GBGBGGGGBGB 
aaBGBGBaBGG 
BGBGaaaWDBG 
GBaBaBGBGDa 

oinaaGBaBGB 

BGBGBGBGGGQ 
BGaaaBGBGBG 


nBaBBGnnoBB 

BBBGGGGBBGB 
GGGGBBGiaB 
GGGBiaioMBg 

GBHGBGiBGGa 
BGBniBaGQDB 
iaiBGGnGBBG 

— GGanBBGBg 

GBGBB 


DGnnL_. 

rOBBG 

BBGBGI 


IGBBGD 

"iGoaa 


17 

DBGGBBBGBna 

aGBGOGiGGBB 
GGBBBGBGGa 
DBGaGiGGBBB 
DGBBBGBGGGB 
BGGGflGGBBiG 

QBBBaBnnnig 

DGGBnaBBBOB 

BBBGBGnGBGG 
QBaaBBBGBG 
BBGBGGGBGGB 


BGBGGBGBGBG 
BGBGBGBGBGG 
GBaBGGBGBGB 
GBGBGBGBDBa 
BGIGBGGBGBD 

QaiyiQBGgGg 

^G 

^G 

GBGGBGBGBGB 
DBGBGBGBGGB 


19 

BBnGBGGGBan 
QGGBGGBBGGB 
GBBGGBGGaBG 
BDGGBGGBBGG 
DGBBGGBDGGB 
GBGOaBGGBBG 
BGGBBGGBGGG 
GGBGGGBGGBB 

SBGGBBGnBGG 
GGBaaaBGGB 
GGBGGBBGGBG 


20 

nanBBGQDDBB 
aBBGDGGBBaa 

BGGGGBBGGGB 
GGnBBGGGBBa 
QBBGGGBBGGa 
BGGGBWGaaaB 
GGBiaDGOBBG 
BBGGnGBBDGG 
GGGGBBnOGBB 
GGBBGGGBBGG 
BBGGDBBGDGG 


21 


23 


24 


BnnnanGBaaa 
DGGBaaacaaB 

nQBaGQBGGGG 
OGGDaBGaaBG 

DBGaaaaaBGG 

■aGGBGGaaGG 
DGGBaDGBGGg 
DDGaQGBGGGB 
DGBGaGGGGBG 
DBGGGBaGGGG 
DDaDBaaDBDD 


rGBB-GB"':CBB 
BBGGBGGBBGG 
GQBOOBBGGBB 
BQGBBGGBBGG 
GBBGGBBGGBG 
BGGBBGGBGGB 
GBBGGBnnBBG 
BGGBGaBBnGB 
GBGGBBGGBBD 
aGBBGGBBGGB 
BBGGBBGGBGD 


GGBGGBaGBGB 
aDBGBaaBGGB 
GBGGBGGBGBa 
GBGiaDBaQBG 
""GBGGic 


BGGBGGBGBGG 
GinngnniGG 

GB~  '■  ^  B'GB 

yi''  n'  :■  m  ':  ma 
rjUBiJiJBGGBG 
aaBaBaoBaa 


GGGI. 

DBGGBBGGBQg 
QnBBaGBGGGB 
BBGGBnGGBGG 
GGBGGGBGGBB 
BGGGBGGBBGG 
GGBGGBBGGBG 
BGGBBGGBGOa 
DBBGGBGGaBa 
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36 

—DDDO— PPD 

aHOHBaoaoBi 

DBBGgDBBQDD 
DHHDQDDHBaB 

■oflDHiaaDaB 
aaiiaiDHBay 
nnnnnfaaiDB 
— naDnDlBa 


26 

ncBDHnicioa 
DBDBaaialDl 

DBaBaBaBDDB 

■aDBOBaiaaa 
iaBOBaaBaBD 
BaiDBaBOBDa 

aBaoBDBDBOB 
DIDBOBaOBaB 

1° 


IBDBI 

:iDli 


27 

DBDDBanBnBB 

BaiMaBQDBca 

QBaaBDBBaBD 

BOBaaBCDBai 

DBDBBaBDaBa 

aaBaoBOBBnB 

BBDBDaBaaBD 
DaBDBBaBODB 
BDDBaDBDBBD 


18 

DBDDDBaannn 
BaQDDDDBaaa 

DDBDDDBDDaa 
DBDDDQDDBaD 
DDDBDDDBDGD 

DDBDDDaDDBD 
DDDaBDDDBDa 


DnDBnDDDGDL 

SnanDBaaaBa 
anDBannann 

DQDaDDBaDDB 


29 

iDDDBBanDn 
iDDaDnBnna 
^BBpna 

IDD 
-|D 

anDDBDaDBBD 

DDDMQr     "    ~ 
DDDCrr  

iaDDDDBaDDB 


30 


iDDPnB 

paoBl 


gp 

:]gggbppbbbp 
tzibMppppp 
ipppppbopb 


31 

PPPBPPBPL, 

aaBPBBPPPGi 
■GPGPBPGBL 
PPBGDBPBBPP 
DBPBBPaPGBG 
BPPGPBGPBPB 
PBPPBPMIPPP 

BDBBpggPBpg 

GPPDBPqBPBB 
BGDBaBBDPnP 

QHaaPDBPaB 


32 


IBPBPBPP 

DPPliaBGBP 

igbpddEbpb 

DBPBPBPaPfl 

:lBGBPBr — 


33 


ippiGBBPPPC 
-izjpppczr"" 

PPPBPBBPI 

GBBDnPnGGB 
~IBPPPPBGBBD 
DGBPBBPBBPP 
pPBBGPPPBa 
EPGgQBDBBGB 
DBGBBDBlaaP 


36 

^PPPPGPPP 

PPP«|PGPPPG 
nPDPPPBBPPP 
PPPPPDPPPBB 
PBBPQPPPggP 

ppppBBpgppg 
pppaoGGBlpn 
BPGPGPpggpB 

PGBiGPPPPPP 

ppggQbbpppp 
paappDPDi 


36 


iBflP 
IPPD 


DPI 

~PI 
^Pl 

PBPGPGPPPI 

PBBPBPPPPPP 
PPPPBBGI 


IPG 


37 


38 


40 


DDGQI 
DBGBI 


IGPaPPPB 


PGQaBPBGBDQ 

zzzzrzuppBc 

PGGBGBDBPPP 


IGBGGGPC 


IP 


PBGGGPPPBGL 
PGBGBPBDPPP 
BGGGDPPBPBP 
PBGBPBPPPPP 


PPPPPPPPL 
PPPPBGBPPPL 
BPBPPPPPPPP 
DPPPPPPBPBP 
PDGBPBPPPPG 
GBPPPPPGPPB 
PGPPGPBGBPP 
PPBGBGPGPPP 
T]PPPDPGPBP 
_ZZ^Z_JBPPa 
DBPlaDDGGGP 


DPPi 


JPBnPBPPPL 

gPgPBPPBPPP 
PBPPPBGPBP 
PPPBPPGBPf 
PBGPPBPPPI 
PBPPBPPPBPi 
PPPBPPBGPPI 
PBGDPBnPBPI 


41 

BPPPPBPPPPP 
PPGBPPPGBPP 
BPPPPPBPPPP 
PPPBGGDPPBP 
PBPPPGBPPGG 
PPPPBPPPPBP 
DBPPGPPBGPP 
PPPPBPPPPPB 
PPBPPPPBPPP 
DPGPGBGGPPB 
DGBGPPGPBPD 


42 


DDGBBPPBPflC 
iQpiGBPPPPl 


IPPPC 

ppbbppbpbpp 
ppIpbppppbII 
bppppbbpoBd 
pbbdgbpbppp 
pbpbgpppbbp 
ipppbbggbgb 
^GBaBaauQ 

TGDBBPP 


43 

PBGBBlPGnPl 

bbooggbobpI 

GGflGBGBflBPP 

BGBBBGGPGBP 
DPGGBPBPr" 

dbbIggggi 
Ippp 


44 


assgi 


_  jpppppi.. 

PPGGPBPPBGI 
PBPPBPBPPPP 

SOBPaPPPBGD 
PPPBPPBPBG 
PPBPBPPPPr 
PBPPGGPBPPI 
PPPBPPBPBG 


45 

. IGGB 

IGGIBDBGGBG 


PPBGBGGBBGB 
PBDBPOBBaBQ 
BPBGPBBPBPG 


4« 

PPBBPOBPPBB 
■BCJPBPPBBGP 
GPBPPBBPPBB 
BPGBBPPBBGG 

SMOgBBCPBO 
GGBBGPBGPB 
PBBGDBPPBBi 
BPGBGGBBGPI 
PBGGBBGCBBi- 
PGBBGGBBPnB 
BBGPBBPGBPG 


47 


48 


IBGPBGPI 

BSSBSaffiSSR 

OPBBGGGBGGB 
BBPPGBGQBOO 
GPPBPGBQPBB 
DBGGBGPPIPG 
nPBPGBBGaPB 
BPPMCPPBPP 
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■DDBBaolBQDl 

GHBaiBBaaMG 
aonaaiBuaMi 
— naMlDB— gg 
DMiaDWiaaBBQ 

BaaMaaHBDii 
■DDiiaoiBaG 


naanDDDBnBnB 
aBDBDBnnnDnn 

nQQDDDnBaBDB 
DBDBDBanDDDD 

DaDDDnBaBDBa 
BDBDBnannDDa 
aDnGDnBDBQBa 
BaBaBaaDDDaa 


IDDDnBnBBD 

aaDBDaaaBar" 
BDaDDBalaBoa 

DBaBBaOBBaDD 
DDBDiDBaaBOD 

aDQBBanaaBD 
aBaDBaaaaa 


lannnBa 

jDDaBDD 

lo|i|aa«aaa 

aBaGGGlDVBBB 
aGBGGaMGlH 

DDDaBD^BBGl 


nnaaaBGGBaBB 

aOQBBDBaQBQQ 
CGBDGBGBBGaa 

BBaBaQBGaaaa 

DaBGBBQGDaGB 
BaGBGGGGGBBa 
GBBaGGGGBaaB 
BGGGaUBBGBGG 


GBaBanaaBGaa 
oar 

BGC 

GBL 

aalaaaaBnBGG 

GGBBGGGGBGBB 

aGGaBaBaGGGB 
DGGaBaBBGDi 


8GBG 
GBC 


[gbbgbgbg 

iGBGBGBGr 


GGGBGGGBGGI 
GaBGGGBGGQI 
BGGGBGGI 
GGGBOGGL^, 

GBGG— GGDI 

BGGGiBGGBGQG 
GBBGGGBGGGBa 

gEbggbggqbgg 


J2  HARNESS. 


12  PICKS. 


napDaaaDannB 

DGGGGGBGOGGG 
aBGGGaGaDGGG 

QaGGaGGGBaaG 

DGaBGGGGGGGa 
GaGGGGaGGGBG 
DGGGGBGGGGGa 
BaGGGGaGGGGG 
GGGGaaGBGGGG 
GGBGGGGGGGGG 

aGGGQaaGGBGa 

DDaDBaDGGGGa 


10 

JGGBBGGI_ 

.jGGaiBGBG 

JGGBBGGBGG 

iGGGr 

IGGF" 

■ggi__ 

QBBGQI 

GiBGBGGBiBaG 

BaaBGGtaBGcf 
GBGGBiBGGGi 
GBGGliiGGBBG 
BGaBlBGGGMG 


13 

■IGBGGGBGGGI 
GaGBaBGGGr" 

gbgqgbgggbL  - 
ggbgbgggbBg 

Sggbggg^Bgb 
gbgggbbbggg 
gbgggHIgbqg 

BGGGnBGGGBG 
GGaiSaBGGGB 

GgaBGGGBGBa 

GMBGBGGGBGG 
"TQGGBaBGGa 


14 

GQBGGGBBGGH 
GGGBGGiBGGB 

bgggbbggbbgg 
gbggmggEbgg 
gqbbgobbggbg 
ggOggBgggb 
maaiBagBaga 

GGI 

GGl 

Hggbgggmdo 
GGGBGalBGa 


GGBIGGGGBOBG 
ZGBBQGQBaBGG 

GBGGBGBGBGBG 


|aQQGi 


jGGGt 

GBQBGI 

ggbgbqggbbgg 
gbgbggggHgg 

BGBGBGGBGGr" 


16 

DaGBGOaDGBBB 

GGGQBGGaaBQl 

~lGGaaBGQOMl 

aGGGGBBBGaa 

■DGQQGBUBGDG 

QaBGaaBBlaGG 

GGGBaSGOQaBG 
CGGBWlaaDCGB 

HGGQBQrjnna 
GGaaBaaaa 
aGQDGBGQa 


17 

DDDGGBaGBGnB 
aGGGBGGBGGBG 

DaDBGaBDaBGa 

DGBaDGCGBDDB 
QBaGQGGBGGBG 


OQQDDBGGBQQ 

BBaGBaaoDGB 
aDBaaDDQBa 


G' 


iGGBaaaaaBaa 

jaBGGBaaBGGQ 
QBGGBGGBaDna 

BaaBGGBaDaaa 


aanaaBBGBDi 
aBGBBi::GGaGi 

GGGBiaBGMGU 
"  ~lGGGaG~ 


IGBBnBGBiGGG 

niGGGaaiiGBc 

iGBaBBGOGGG 


19 

GGBUGBaaBOGB 
QBaQBCBGGGBa 

BaGBaaDBQBaa 

GaBGGBaQBGDB 
DBGBGDGBGGBG 
BGaQBGBGGBGG 
GGBOGBGI  ]BaCB 
BGOGBaGBOGBG 
GBGBGQBGGBDG 
DGBGGBaGBGGB 

aBGGBGOBGBGG 
DaBaQBaGGBG 


20 

IGBGGGBBBGGC 

GOT" 


IGBQGGBlBGO 
■JBQGGBGBQGG 
QBGaaBiBGQQI 
BGGGBGBGGQr 
GGQBlBaaQf^ 
aglQBQGQBl  _  _ 
GBBBGGGBGBaG 


IGQ 

i 


21 


24 


DBDGDBaaL^ 
GBBGBOBGGQL , 
aaaBDDBBQBG 

"laBGBaQGBaal 

GUI  " 


□■BGiGBOGGH 

jQBC 
DBGI 
■GGI 

DGGBaGBBQBG 


_  _  GBGBGG 

BGGGBGGBBr 
■GBGI 


aBQGI 
OiagaBaai 


GOBI 
GBGI 
BGGI 


IGBQGGBGG 
"GBBC 


QGBGGGBgQaH 
GaGBGGGBQGBI 
OBGGGBQGMGG 

SGGGBGaGHGG 
GBGGaBBGOBG 

gggbggHgggb 

OBGaiWIOGOBQG 
BGGGBBGGBGGG 
GGBBGGBGGGBa 
GGBBaGGBGaaB 
iGGGBGaaBGa 

"aBaaQBGaa 


m 


ggBb^ 

GGGBGI 

gbggbL 

igggqbqqbggl 
GGBGOBBaGaa 
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26 


27 


28 


■■DBnaBL^_^_ 
DiaaaaBnaHa 
ouHDHaaiDDa 
■DDHapaaBMin 

29 

DBBni 

■DlaDDQQI 

aaq— D— I 

T)nialaaaaaH| 
jDaaanDHBal 

aDBBoir 
nanaai 


■■DBnnr 

DDQQBiC 


DDDnDBlDI 

■■oBaanDDUa 
naDGBiaHiDlD 

IDMiaiaanDDH 

33 

DDaoaDaDBan 

TlDBDDDBiiBDD 


flSnai 


innna 

DaaiaGBDanui 


DDI 


OBOGBI 

'Hiaai 
iDoiaai 


IDDDC 


DDODlaaQ 

■DDDl 

jDaaai 
iDDDBna 


37 


□ 


inn: 


— ^In 


innnDnlanni 

■DGiHGnnHnn 
BnBnnnnninna 
onlnnHBDGaB 
DnBainannnHn 
GHnniaDH^aa 
■nnniniaannn 

DanHnDiGDHB 

aaBnnnBninna 

BBnnnBnn|nnB 
GaDHGGGiala 

41 


.jnaannin: 
Diaannlni 


DGHDni 

_jnnnnl 

Dlnni 

nana 


nalnn 

innnn 
nnin 


■GBBnGBI 
nnin— I 
nnnBii! 


DMnnninnafl 

■Hnnnnipaa 

DGDHwnnnr 

DDnmnana 

DDQlaoHaai 


_  ■nni  _  _ 
G|nnHGfen|GHa 

nHBGHGG|GCr 

■naManHnMMiD 
QHGiBBGHaala 

30 

■nnnnni_ 
ninnnnni 

nnannnc: 

nnnBDDDnni 

nnnaan— ■ugg 
DnnnDBonnBBi 
■BannnaanaGD 
non— GBDnnp 
■MBaannnHnDD 
nnnHBannnHna 
■■■nnanGDnHD 
aaniHBGaaaaH 

34 

■nHnHGnnHnna 
aHGGGHnHnHGa 

gnannnanaDBD 
nGHnHGHGGGB 

BDnnHonnBnin 
■nHnaoGGHGn 
naannaHGHnBG 
DBGHnnnannnB 
■DoaanHnHnGD 
Dinnnaannana 
aDanHDHGnaaa 
aaaaaaaaDana 

38 

naaGGBannana 
nnananGBGGBa 
■DnaanaaGann 

aGHaHGQGBGai 

DBGanBGHnana 
■nnannananHD 
GaHanHaGinai 
■DDnannHnnBD 
DBnanannaann 
nDBonnBDBnaB 
oBnaBnaBnaBn 
BGDBDaBGBaan 


Bnacnni 

GBDnnn 

nQBnno 

DnaianL- 

nnnoBnani 

annnnBDiz 

iDBnnnnn 


SGBnBnnnBaBG 
nninnnBODBn 
QnBnanBonBnB 

aBnGGBGBaanB 
nnDBnnBnBnr 


IDDBI 
"~T1BI 


Bnonni 
nor"" 


innBnBnnBnn: 

InnDBninnai 
aBaaBQDDBc 


ninni 
nr — 


81 


nninni 
DBDDBL ^ 

BDnBGlnaDBDa 
nBanaBGBGGB 
DBnBnonBnnBn 
BnanininnBDa 
nBnnQBnDBnnr 


aDDBnGBBGGBD 

□BBGninnnnBa 

TIBnnBBDD 

inninnaa 

DDBnngnBaPBB 
GnlnnMBGnana 
BBnninnnninn 
GacGBDDHiaaB 

33 

gS«HgSSSR8 


nnani 
nnnr 


inaBDDBD 


nBDDBnL 

jnBnnBnDBnna 
nBanianBnBDD 
lanBDOGBa 


lani 


35 


iGBnBGBnBnnn 


IQBQGnBnBnBn 
DinaanBaaaD 


nnnnnnBBBn 
GDHlnr 
DnBHnnGD 
□n^Hnnnd 


laaiBGOBi 
_  jnBnnBDBi 
nnnlnnr — 
DBBnnii 

BanBnBi 

innfiiDDBDncn 

ODBGBnnBnGBB 

BoinGBBnGBan 
bbggbggggIgg 

36 

BBBBBGBGGGBn 
GBBBGGGBGBng 

GnBaaBGaBaaB 

GBGBGGQBGBGG 
BGGGBGBGGGBG 
GGBGGBGGGGGB 

nic 

GGI 

BBGBGGGBGBGG 
GnnBGBGQGBC 
GGGGGBGGBaGB 


40     ^ 

^GGBBnGGBBB 

BGOIGflflGGBlQ 
iGGGGGF 

_gg| 

^GGGl ^ 

BGGHBaBGGl 
naiBaBGor' _ 

OGGBGBGGBBGG 
BnGBGlBa 

nnBiGGna 

GBGBBGGG 


Gl 
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49 


nnBananDBonB 
■DDDHanBDiDa 

DBDHaDHOiaBG 

DaHaDHaaaHaa 
DHaHaaHDBaHQ 

BODUaaaBDHOD 
DDBDOBaDBDDB 
DBaBDDBanDBD 
BOBOBlZaBaBGa 
aBDBaBDDBQDB 

BaBOBaoBDaaa 
DBDBDDBaaaBa 

53 


J2  HARNESS.        12  PICKS. 


60 

BnnBnnBnnBnn 
anBnaBDBDDBD 
nBaaBoacBaaB 

BaDBaaBDDBDD 

oaBaaBaBaaBa 
DBaaBDDaBaDB 
BDaBDQBaDBaa 
DBaaBnnDBDnB 

aDBDDBDBDDBD 
BDDBnDBDQBan 
DBDaBDDnBDDB 

DDBaaBDBaaBa 

14 


51 

BnnnBiJBDacBa 
DBaDGBaaDBaa 
BDBDaaaaBOBa 

aBDBDDDBaBDa 

DDBaBDBDBaDD 

DDDBDBDBaDDr 

BDDDBDBDDDC 

DaDBQBDBDDDI 

nDBDBDBDBDnL 

nBDBDnnBDBDa 
BaBDaaaoBDiu 
DBaaaBDaaBuB 

56 


61 


nBnDDQBDDnnB 
laDanBaBQDDn 

^BDBDBr — 


DDDDBDBDBDDD 

naDBDBaBaBDa 

QDBDBDDDBnBD 
DBDBnDDDDBDB 
BUBDaDBDnDiD 

aaDBDnnnQBaB 

DDBDBDDDBDBD 

DDDBaBnBaBua 
nnnaBnBCBDDD 
BaaaaBaBDacD 

66 


DaDBDDDDJBDn 

BnDDBanaBana 
BaanBGBLjuaB 

IDDDBDnDBB 
^DB 


DfBI 

iani 


.jannBDBnnDL 
JanaBaDaBaan 
DDaBDaDDaBDa 
DDBnngBaDDBD 

DBODDBBBDaaB 


57 


nBnnDQi 

HBBBr  - 

111 — 


DDDBDBnnBnnB 
BaBaQDBaDD^a 
DBaaBDDBDBnn 
aaDDDBDuBanB 
BanBanDBDBna 
DaBDBDBaaDBa 


BBaaDBaaBnDi 
anBnaaaDBag 
nBaaBaDBDDDB 


DDBDDDBDBDBg 
BDDBaBDDDBgg 

DBoaBDnBDnaa 

65 

innnnncn 
laBaBOBD 
lanoaaDD 

GBaBDBDDaDDn 

niaialaBaBaB 
DBaBDBanaDDa 

GaDDDDBDBaBn 

gaBaBQiaigBa 
nDDDDBDBnBn 
DDDDDDDBDipB 

DBaBDBa!alg| 

69 

□aBnnnBDnnBn 
nnaLjBBBDaBB 
■JaBBiaBBBDl 
aBflacBBiaDH 

ODBaaDBDDgBD 

aaDBaaaoDBaD 

laDDiQDDBann 

— iDr~ 
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31D-.agnjy.n 

^ g 

HDD 
^DDD 

jnanBolBp 

iDgaanBDDQ 

Dpaonioiiaqni 


(HnnHannnBDDH 
DDBaaBBHaaHnu 
■naHaaaaaDDBa 
nanDMiBaaBDnn 

DaBDnDnHDDBBB 
■QDBHBDDBDnna 

DBnnnnHCDBBBn 

BDBBBDDBCnDDB 
DcnnBDaBWiaD 

nBBBDDBCnDaBD 
DDDDBaaBBBaDB 

BBBDDBQanaBnn 

□DOBaaBBflDDBD 


LJUUB 

BBQI 

Qpmc 
Boic 


nmBBaBQaDDDB 

GDDaDBQBBBBGB 

BBBBnBr^[~ir:nrjBa 
aaacBrBBBBUBa 
bbbl'B:'  '  '_':BaB 

QDGB.  .BHBB  JBQD 
IGGGIjGBD^ 
IGBBBBaBGDD 
_  -JoaGOQBaBBB 
DBGBBBBGBGGDQ 
I  Bl  II  II  II  II  IBI  BBBB 
BGBBBBGBDGDGG 

BaaaaGBQBBBBu 


oBcuaoBnDBnnB 

aalDGBaBGGBDl 
BQGBr  jBGGBGGBn 
QBGrBi  BGriBGBn 
GGB[.B<  m  GBGB 
BGGB'  B  :  B.  BGD 
GBGB  '  ■:  .  B'  BG 
GGB!  B  .  B[.  B:  (  :B 
BGB'  '  ■:  '  B:  B'  .rj 
GBr.B: :;  b::b-"^'"b:"j 

GBGGBGGBGBGGB 
BGBGGBGBaaBGa 

BaoBaGflDBaaBa 


.jaBGBGa 
JaaBBGGr  __ 
ngBaiGBGBDai 
DiaBQGMGar 


_ IGBQBG 

GBOBGOBBGG 

"^GGBOiGB 

GBQBGGB 

□liauBa 


DBG  GGGI 
GU  GBBI 
BGB   BGQI 


GannBGaGGGBBG 

aaBBGGGaGBGGa 
QBGGGGGBBGGGa 
BaaDGGBaaGGGB 
GGGGBBGaaGGBG 
GGGBGGGGGBBGG 
aBBGGGGGBGGGG 
nGQGGGBBGGGaa 
aGGGGBQaaGGBB 
GGGBBaGGGGBaG 
aGBGGGGGBBGGG 
BBGGGGaBGGaaa 

aDaaDBBaaoDaB 


GGBGGBBBGGBGB 
BGGBGBGGBGGBB 
GBGGBBBGGBGBG 
GGBGBGGBGGBBB 
IGGBBBGGBGBGG 


IG 


gbgbggbggbi 

SgbbbggbgBi 
gbggbggbbbgg 
gbbbqgbgbgqbg 
gbqqbgqbbbgob 

BBBGGBGBGaBGG 
BGGBGGBBBGGBG 
^GDBGBGOBGGB 


aGBnGBaGBBGBB 
GGBBGBBGGBGG 
GBBGGBGGBGGBB 
BGGBGGBBGBBGD 
GBBGBBGGBGGBG 
BGGBGGBGGBBGB 
GBGGBBGBBGGBG 
BGBBGGBGGBGGB 
OBGGBGGBBGBBD 
OGBBGBBGGBQQB 
BBGGBGGBGGBBD 

BGBGGBBGBBGGB 
BOBBaaBouBaG 


10 


11 


:bq 

m 


BGOGDBBOaBDDB 

gbggMggggpIg 

OGBBOGBOOBiaG 

aMOGGGBaQOr" 
GGBGGBBaGGl 

dgggbbggbggi 
BogbBggggbbgg 

□BBGGBaQBBGGG 
BBaaGQBBaGBaG 
JQBaOBBGGGGBB 
JQOBBaGBGGMG 
"^^aaOBBOGB 
"DDlKDGG 


BaBGnaaaBBBaa 
BBQGBQBGQOGG 
GGGGGBnGGBGB 
GGBGBGGGGGBBB 
GGHBGGBGiGGG 

GiiBGGB 

"GGGGGB 

UaBQBG 

GBaBaGaaGBBBG 

qbbMggbqbggqg 

SaCOaOBBBGQBO 
GGBaBOOaOGBB 
GGGBBlaaBaBQD 


BBGBGGGBOnGGB 
GGBGGGGBBBGBG 
GGBBBGBGGCBGG 
GBGGGBGGGGBBB 

BGGGGBBBGBGGG 
BBGBGGGBGGGG 
GGGBGGGGBBBGB 
GGGBBBGBGGGBG 
BGBGGGBGGGGBB 
GBGOQOWiBQBGG 

BGaoi 

DDDDI 


□GGGGGBGBBBGB 
GBBBGBGGGGGGB 


GGGGGBGI 


GBG 


CGGBaBBBGBGGa 
"~"  ""  "  "GBGBB 


IGBGGGGGGl 


GGHCI 


BGGGG 
.  GBBB 


aBGaGGGGl 

QBCBBBGBGGGGa 
BGGGGGGBGBBBO 

BaflBBDBDuaaaa 


16 


iGaaBGi 

IBBGBGB 


GBGBGDBnaBnGB 
QGBGGBGBGBGGB 
BGBGQBaGBGGBG 
GBGG|GBGBGGBG 
GiGQiQGBaGBaB 
laaiGBGBGGBGG 


laQBaGBGL 
BGGBGai 


8GBI 
GDI 


IGGBGBai 

_~nir — 

IGGBGL 

-JGGiGGBGa 
laGBDBGiGG 


aBGBGBGQBGGBG 
GBGGBGGlGBGBG 


GGinnaaBGaBBB 

BBiaaBGGGGBGG 
BGGBBBaGBGGGG 
GGGBGGBBBGGBG 

aGGGGBGGBBBG 
GGBGGaaBGGB 

iBaaBaGGGB 


GaBBBaaaaGGGL 

"IlBGQBBBrJGBGG 

.::zzGBGGBBiaa 

iGOBOGGGBGOr" 


GBGGI 

aaDDBGui 


■GGGGBGGBBI. 
GOBOGGGBGOBB 
GBBBaGBGGGQBG 


IQQBGGG 


IGGI 


GGGaBGnGBaBDI 

BCBoir 

T__ 

JBL 

GGBGBGBGDGaBa 


iGGGGBGGa 

:BGGGBGBGBGGa 

GBGaaaBaaGBGB 


GaGBGGGBaBGBa 

iBGiGGGGiGGGB 
GGGBGBGBGGGG 
G 


jGGaaBGGGBGBa 

QBQBaBaaGGBGG 


GGBGGGBGBGBGD 

BGBaaaGBGaaBr 
aaDBDBalauDDi 


18 


19 


20 


iaaBGBDDiaBc 
laGBaiaBGGGl 


laGBGBOGD 
nBBGBBGGr 
laBGGGI 
DBBGGr 


Dl 

GGGI 
-GF 

_nGi  __ 

QBGGGI 
ZDGGC 

GGBBGI 

GBQiGCGBBGi 

~   "  hgIgggb 

— ^GCBG 


-DGBBBDCGG 

DGGGBOGBGa 

^GGG 

_zi:a 

qgBggbggCbbgg 
ogbbbggggbggb 

QOaiQGBGGBBBG 

zggIbbgqggbgg 

aQGaBGGBGGBBB 

IGGBB 

IGGB 


nODflDnDBGGBBB 
BGGBBBGGGBOGD 
GGBGGGBGGBnD 
GGBBBGGGBGGGB 

GBBBl 


IGGGBGGl 


IGGGBGOGBG 

BCGGBGGBBBGGO 
BBBGGGBCGGBGG 
QGGBQOBBBGGGB 
BBOGOBOaGBQGB 
aOBaGMMGaOBG 
IGGGBGGGBGGBB 


aaaai 


DOBaa 
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THE  DISSECTION  OF  A  FABRIC. 

Textile  desig-n  may  be  divided  into  two  important 
parts,  (r/)  desig-ning-,  (/;)  dissection  and  analysis.  Design- 
ing- consists  in  the  building  of  fabrics  from  designs  more 
1.  or  less  original  and  the  textures,  weaves  and  colors  are 
limited  only  by  the  yarns  and  looms  under  the  designer's 
control.  Dissection  differs  radically  from  designing-  in 
that  the  desig-ner  must  reproduce  another's  ideas,  allow- 
ing- but  little   originality. 

In  order  to  produce  a  perfect  reproduction  of  a 
3.  fabric,  two  points  should  be  considered  ;  first,  a  thorough 
knowledg-e  of  all  branches  of  designing;  second,  a  theory 
of  the  many  calculations  necessary,  and  the  most  ex- 
pedient manner  in  which  this  theory  may  be  given  prac- 
tical use. 

Many  designers  perform  their  work  without  any 
attempt  at  method,  causing  great  inconvenience  to  them- 
selves, and  resulting  in  a  useless  waste  of  material  and 
time.  Judgment  acquired  by  experience,  and  assisted 
by  method  in  daily  work,  leads  to  economy  which  is  one 
of  the  foundations  to  a  successful  career  in  mill  life. 

The  principal  facts  necessary  in  the  analysis  of  a  fa- 
5.  brie  to  be  reproduced,  are,  the  nature  of  the  fibre  from 
which  the  yarn  is  spun,  the  quality  of  the  3^arn,  the  twist 
or  turns  per  inch,  the  colors  in  a  pattern,  the  weaves  used 
to  produce  the  desired  effect  and  the  character  of  the 
various  finishing  processes.  These  should  be  carefully 
ascertained  in  order  that  a  perfect  reproduction  of  the 
original  fabric  may  be  produced. 

Previous  to  the  dissection  of  a  sample,  the  fabric 
should  be  classed,  and  the  face  back,  warp  and  filling 
7.  determined.  Fabrics  are  classed  according  to  the  pur- 
poses for  which  they  are  intended,  and  the  principles 
used  in  the  designing.  Backed,  double  and  triple  cloths, 
which  are  single  cloths,  increased  in  weight  by  the  addi- 
tion of  extra  warps,  fillings,  or  warps  and  fillings,  are 
easily  classified  by  their  general  appearance  and  weight. 
Single  cloths  presents  but  little  difficulty,  and  may  be 
classed  as  such  at  a  tflance. 
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Determining"  the  face  and  back  of  the  fabric  often 
requires   considerable    judj^ment   and    experience.     The 

9.  face  of  the  cloth  is  often  napped,  which  affords  one  of 
the  best  tests  for  determining-  the  face.  Another  lest  is 
the  "draw"  and  "bite,"  caused  by  shearing  which  is 
noticeable  on  the  face  of  the  fabric.  The  "draw"  is  the  lo. 
smooth  feeling  experienced  when  the  fing-ers  are  passed 
in  the  direction  of  the  warp,  and  the  "bite"  is  the  slight 
resistance  encountered  when  the  fingers  are  passed  in 
the  opposite    direction    of    the    warp.      Worsted   dress 

n.  goods,  and  similar  fabrics,  are  often  confusing-,  the  face 
and  back  presenting-  almost  the  same  appearance, 
althoug-h  but  little  diihculty  should  be  experienced  if  the 
"draw"  and  "bite"  test  is  used.  Union  goods  are  gene- 
rally woven  with  the  animal  fibres  more  prominent  on  the 
face  of  the  fabric.  The  face  of  double  cloths  woven  by  12. 
the  so-called  "two  and  one"  method  is  finer  than  the 
back,  and  g-enerally  worsted,  while  the  back  is  a  coarser 
woolen  fabric.     Double  cloths   woven    by    the    "one   and 

13.  one"  method  are  more  difficult  to  determine,  as  the  face 
and  back  are  usually  of  the  same  counts  and  grade  of 
yarns.  The  face  yarns  are  often  stronger  and  better, 
and  this  fact  often  distinguishes  the  face  from  the  back. 
The  "draw"  test  is  perhaps,  the  best  to  use. 

Warp  is  determined  from  filling  in  many  ways.  A 
portion  of  the  selvedg-es  in  the  sample  decides  the  warp 
at  once,  but  if  the  sample  is  cut  so  that  no  part  of  the 
selvedges  is  present,  any  of  the  following^  tests  should  be 
sufficient  to  determine  the  warp  from  the  tilling. 

].     If  the  yarn   is  double  and  twist  in  one  direction,     i4. 
and  single  the  other,  the  twist  yarn  is  the  warp. 

14.  2.  Warp  yarn  is  generally  harder  twist  than  filling 
yarn. 

3.     Starched  yarn,   if  only  in  one  direction  denotes     is. 
the    warp.       Starch,    or    size,    is     applied    to    warp    to 
strengthen  the  yarn. 
16.  4.     Reed  marks  are  always  in  the  direction  of  the  warp. 

5.  If  the  yarn  is  straigth  and  regular  in  one  direc- 
tion, and  rough,  loose  and  displaced  the  other,  the 
straighter  yarn  will  indicate  the  warp. 
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6.     If  one  set  of  yarns  is  finer  than  the  other,  the    i6. 
finer  yarn  will  usually  be  the  warp. 
16.  7.     Nap  always  runs  in  the  direction  of  the  warp. 

16.  8.     Stripes  are  generally  formed  by  the  warp. 

9.     Fabrics   woven   with    yarns    right   twist    in   one 
direction,    and    left  twist   the  other,    invariably   may    be     h. 
considered  as  being-  woven  from  a  right  twisted  warp. 

Exceptions  to  these  tests  are  seldom.  Varying  con- 
ditions arise  in  many  fabrics,  and  the  cause  is  generally 
so  pronounced  that  little  examination  is  required  to 
determine  the  warp  from  the  filling.  Warp  yarn  is 
n.  usually  finer,  stronger,  of  better  material,  and  harder 
twisted  than  filling  yarn. 


THE  DISSECTION  OF  A  FABRIC— QUESTION  SHEET. 

1.  Define  the  term  "desig^ning." 

2.  How  does  dissection  differs  from  designing-? 

3.  What  points  should  be  considered  when   producing  a  perfect  repro- 
duction of  a  fabric? 

4.  What  advantages  are  gained  by  method  in  designing? 

5.  Name  the  principle  facts  necessary  in  the  analysis  of  a  fabric. 

6.  What  must  be  determined  previous  to  the  dissection  of  a  sample  ? 

7.  How  are  fabrics  classed? 

8.  How  are  backed,  double  and  triple  cloths  classified  ? 

9.  How  does  the  nap  on  the  face  of  a  fabric  assist  in  analyzing  ? 

10.  Define  the  terms  "bite"  and  "draw." 

11.  How  is  the  face  of  worsted  dress  goods  determined  ? 

12.  Describe  the  general  appearance  of  union  goods. 

13.  Compare  the  yarns  in  double  cloths  woven  on  the  1  and  1,  and  2  and 
1  systems. 

14.  How   does  the   twist   in   a  yarn   assist   in   determining  the  warp  or 
filling  in  a  sample  ? 

15.  Does  starch  yarn  denote  the  warp  or  filling  ? 

16.  Describe  the  following  tests  for  warp  or  filling;  reed   marks;  nap; 
stripes;  counts  of  yiirn. 

17.  How  does  warp  yarn  usually  differ  from  filling  yarn? 
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CLOTH    ANALYSIS. 


Mr...M:...:^M 


y«#^ 


auf. wmfPM    :iA    /f^P-  Nam, O} M:±6M;tit 

PalimiNo J  00, _ 

Fabric,  lAOV&tcA  UUitil^ „ _^ ™ 

Data     one  square  inchzzz. \t»li grains.  Widlk  within  selvedges,  finished,z=i Si.& 

yS Threads  per  inch  /inisked= «.7- grains feO Picks  per  inch  finishedz=. .rQ. „ grains 

Total  warp  shrinkage, *  h..J.o „ /ri  weaving » In  finishing, _ __ 

Total  fitting  shrinkage,      **■  .o7p /a  weaving, Injmishing,   „_ „... 

Add.  for  selvedge,  tofinuhed  width, W.Uite 1.',.... ^      iJm .....threails. 


Weight  of  one  yard  it 

Pick  out. 

System  or  dressing  of  : 


%ide   selvedges, 
b-h 


ANALYSIS. 

../a8..''.M.''/.i»..i:..45Z;5:...» S.995j 

3.     Drawing  in  draft  and  chain, „ _ 


..W.hit.c....V!Coif&t.fcd 3 2. ^. 

.3latU - H:^ i>. 

....Pi»k .:: « 

a«ikxV -: ».. 


ja... 
I..., 


..2;4^.._ 


5.     System  or  scheme  of  filling, . 


Blue 

...WhiXe... 


......!b.. 


„/.2»... 


S      Threads  in  warp,.2&BlS..:^...S'.Q.I.i>. 7.     Threads  in  pattern, 2'? 8.    Patterns  in  warp... S.O.!.k.±.S,ii..f.. 3  A- 

9     Si2e  (counts,  or  run,)  of  warp  infinished  eloth,   - 7S^'!.TQO.e.±..>:ZA3hjr.Si>.0..r....3.5.,J.IA. 


10     Size,  (.counts,  or  run,)  of  .filling  in  finished  eloth ..6iO..«:.?flQa..t.  -!6l.«  .5.6..«.^'4.0..-..5.4..7aa... 


IS      Weight  of  warp  yam  i 


■  yard  of  finished  cloth,   'BIox^.   (2  "Si      (00fl«(fc  -7^5-7(4  »J'6<>  - Hob _ 

atllow.,  ca-l S'\.f-Jb±5S^Ti:^.?^.S-t!'^..r:. .Oh.7 l,hl&,....o.^ 


SJi      Weight  of  filling  yam  in 

— .6.e.><..za.....=./<fA?... 


eyard  of  finUhed  doth,  BV.tte^ a4.0..«:.lia..r...3.4.?«.g.!«.  JAa..= ,k>M.., 

~ VYhitfi 8.'aft.ft..!.fe.T....3.A.7.ga..»..;?:6.c..= -.bsx.. 


4M!^^ 

RECONSTRUCTION. 

M  Width  in  loam,  including  selvedges, 2,8  <:  i  =  29   +  t7<J     =        30,74 

U.  Reed, ZQi.kt..7.e...f...S.S>aB±60.7^ = <i>*.;^4.l ..., 

tS  Approximate  size  of  original  warp  yam,  i.  e.  in  loom, 3tS.7t.4-  "*"  is^^ ..  * ^-T*..S.5.&. „ 

16.  Approximate  size  of  original  filling  yam,  i.  e.  in  loom,  .34,7&Z  *  lofo = 56,80.5  

17  Picks  per  inch  in  loom, 0,0 

18  Weight  of  each  color  of  warp  yam  in  leom,  including  selvedges,)X)l\Ae.     9lS,<slU  ±  3Z85'6''0''6o  "  .6.6Q    ib7i>.r  ..7Z9 
-   - T>Va(,k    tOO&i^tlcy 37,8SA'56o.'    .Zh<> ti>'f>..-.,8QS 

— - ■— ...Tj«\K a4.<..(fe..?.d7-S56..^.oc6p...=..,.P.b5...:*.6.%....-.....<9<5-7 

- - _. .^cWo.w. .6.4*../fc.t.,?Zg5<;-.!'J6.o...-..:.a65.....^.fc?^ •■067 

19  Weight  of  each  color  of  filling  yam  in  loom,  including  selvedges, L6i>&  1 

to»^o,74v/a'»4.*.-r£  .-  94S.K, ._ Bloc 9C2.,S.< /t -r  36.eo»>56o.- .7/4 

«=■■- -    "    - .Wiirtt. a««.S,«./t -r.  Si,.&oS-,St>f».^. ...7i(«  

— - - - /..45& 

(     Weight  of  one  yard  of  cbtS  in  loom, J..fci8.'-7,432 = O./OO    oz. 

y   Proof, - - Za..fJib..^..Li..±.A3i7-S.!^. SUPi. _ 

___„_ _ —.001 


226  DESIGN  TEXTS. 


CLOTH     ANALYSIS. 

Dau,  O&tftV^fiY \y  \\Sik\. A<ir.,^,.CKft.sU^  i\QaAu- _ 

PaiUm  No....\\.\^\.. 

/iirii  .Wotji\eA,..-.Ur6^?»..  GooA^* - - - 

Data  :  one  square  iruhzi=L w  *..l .grains.  Width  within  selvedges^  Jinished^^ w-^ * 

f  U Threads  per  inch  finishcd^= I  .*  0 grains .iiJi.b..D. Picks  per  inehfinished= .l..»..*k graita 

Total  warp  ski-iiikafi, O     ^0. In  weaving, Infinuhmg, _ 

Total  filling  shnnha^', b    /o _.  .    In  weaning, In  finishing,    __ 

Add,  for  selvedge,  to  finished  width, I..." , =:      ..II..I1 n.VSk.6.1^ threads. 

Remarks, „ _ „ „ ~ - — — - 


ANALYSIS. 

V     Weight  of  me  yard  inside  selvedges,     S^-Xa  U  X  -  K.l.  "T.  4^.1..  4......" V*  O  u/l.  0\>VlCt&. 

2.     Pick  out^ , : 5.     Drawing  in  draft  and  chain ^ 

4.     System  or  dressing  of  warp^ 


...UtsvVv U 


5.     System  or  scheme  of  filling _ 

i\&^  Twvs^ W 

!at:.6&xv..T>fti\^t W 


6.     Threads  in  warp.^^'^^tyj-tA^^  7.     Threads  in  pattern, ttSo 8.     Patterns  in  warp,  i,Jl'^^\ZSti~\\^ 


9.     Size,  {.counts,  or  run,)  of  warp  in  finished  cloth, 

1 0  X.1 00^  t  V  .^  X  3  e  x^G»0  =  V&  .G^£.. 


10,     Size,  .{counts,  or  run,)  of  fiUing  in  finished  cloth, „ 


11       Weight  of  warp  yam  in  one  yard  of  finished  cloth,    , 

aa^'io>'V^±\ft.feaG^5to=  4.\ift  6«»M*5^ 


12.     Weight  of  filling  yam  in  one  yard  of  finished  cloth, _ _ „ 

__.. i^.x.^^.x\fci.^..A^A,.x.5&0..=....^.....^.^..S.iiu««a 

&.d.Gi3...Qttlv&&Sb. 

RECONSTRUCTION. 

13       Width  in  loom,  including  selvedges,  \>  3  +i  =/\0  +  \>    /»  ~  A  Ik  .  A    \yVt\vt>.. 


15.  Approximate  size  of  original  warp  yam,  i.  e.  in  loom,      I  0»  li  j  \o    ■"  L)   V**   ~    I  il  •.  O  I  \ „ 

16.  Approximate  sise  of  original  filing  yam,  i.  e.  in  loom,'    \J«    t  W%   "*"   10.  /°      .    3  •    '^  v  ^ , 

17      Picks  per  inch  in  loom, U-O „ _ « «.„.. 


IQ.      Weight  of  each  color  of  warp  yam  in  loom,  including  selvedges, 

avfeV*    Mxvo^''\V.^\^.Qn  *5V.0=  i.atS  +t  Vo  =2;.08t OMnu». 

_....Ri(ks.K \i^.vft5t.iQ«\!bj.>i.a\'i''5i)Q  =  ?.-Qv>a-rkVo-j».ia«v •• 


IBt      Weight  of  each  color  of  filling  yam  in  loom,  including  selvedges, _  

_ t\tdi 805.  tMW;^.3.389.*.5.i),0.-...2... 3.0.4 « 


{ 


Weight  of  on4  yard  of  cloth  in  loom. 40  ■*  3b  "^ -T   "^    43'1«^^    ~ 8  »  8  8  lo .OVDCC^.. 

Proof 8...0.Sfc.±.^  .  i^Jv  *\,  i  04  +  Z.  3  04  = 8  ,.  8..8.iD -., 
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CLOTH    ANALYSIS. 

DaU.^  S>t^\tV\\Vs.i:   V?:..m\ Nami,  , .1uW\\s.i  "{^OOtiwU. 

PatUmNo \Ql&.^ 

rahric,  tc^Xovii  t^lftS^^MlJCa. _ _ 

Data  :  one  square  in<:li=^ .\«I>5t grains.  Widlh  within  selvedges,  finished,^.     ^U^ AUcVxiLf) 

b^        Threads  per  ituh  finished=^ .6... grains Sfk -...Picks  fer  inch /inislied=z. .55 grains 

Total  warp  (XrinM^e,         -V    Bie /n  weaving, rr::. In  finishing, -rrrr. 

Total  filling  sttnH^(fgt,  .     .'\    w  lo -.. Inweaving, — — rT: In  finishing,    .rrr*. .,.,..., 

Add.fior  selvedge,  to  finished  width .!.(.?A.\<aOa =     5.6,..tV!(.W\t\ threads. 


ANALYSIS. 

Weight  of  one  yard  inside    selvedges,     iX.».5b  "  \i5  "^  Ai"(.5....= ?..?)33 

Pick  out,      ?Vu\V\  iCita.Vfc..,-. - _.  3.    Drawing  in  drU/l  and  chain 


System  or'  dressing  of  warp,  ^a „ ..^ ;, j. ,,._^..._.,....^ , ,. ^ 

\>OrtA«. -i. .2. ..,. ^.._ _ -V 

- XcWo«v ft. _ _ _ A- 

„ SAiCk&V^ *r * „.. .6 

- 5Udi ~ — s. ....& ;a...\fiic\. 

System  or  scheme  of  filling,...*..... „ „ 


..!&.UY>(Ye.....<;^-XK.oix.^.. 


e.     Threads  in  warp,'i^^\i\'.'.V\lA~..     7      Threads  in  pattefn, V.b. 6.    Patterns  in  warp,. )XiJi>,.y.\%:.f..^}a, 

9.     Sise,  {counts,  or  run,)  of  warp  in  finished  cloth,   u _ 

\a'k.»looa.±..^yt>.^..a.«.a'\0!..r ...va»5\6 

10.  Size,  (counts,  or  n<n,)  of  filling  in  finished  clolh - ., 

..- , ..54..M.0«>O.t.3b  »..55,x.8«>...- ^£,.1^ 

11.  Weight  of  warp  yarn  in  one  yard  of  finished  clotk _ , 

bA.«.£l,».lla.*...«».5\6,«Mft...;.- WVIX-O* 


12.  Weight  of  filling  yam  in  one  yard  of  finished  cloth, „ 

• 5A»Sa.Mb..:?:,.a5.42.X.!ifi40....- iAlL-oi 

£^3B...s;L...\tM... 

RECONSTRUCTION. 

1.3.      Width  in  loom,  including  selvedges, £X*'5....-...S^f5.,.*...b.°i»..  .- S.9.V5  uncWb 

U.    Heed, Jil5.fe.*3C..>.UbO> VlllO.t  .23,V5i.  =  .  b0.51|  U>Iwtt'u^m IdO.51]  t  S.  =  iQ.V88 .^/t.sttA. 

15.    Approximate  siie  of  original  warp  yam,  f.  e.  in  hem,  \&.bVOi A  Bl*  .  -!: V^.S^Sl 

W.     Approximate  size  of  original  filling  yam,  i.  e.  in  loom „...SSi.'\ZT  *  le'/a.  .!■. £.'^.030 

17.  Picks  per  inch  ittloom, 54 _ 

18.  Weight  of  each  color  of  warp  yam  in  loom,  including  jf/tfrf^«,V4WU    /^Vb  »  lb+  A?t33a  !<  6^9r  ..SSb&..*  ..61«...-...4W6..».^ 

....Xt^lUtt  ,  5B'\»vt.t  \3.330  vB-^O  •.,.,4fe5:i..*..fi.t....-..,.aMa..., 

_ ,. ftWV     Tba»tW:^  V9.999^84(l.-...A.7i.l.1..*..M«..=  .7593     . 

.^dt .l35.Alb-^  .\a.3a3«8'«li-    .\Bta.,+.....8.5(t..r.jiai±_        k.fiiO 

13.  Weight  of  each  color  of  filling  yam  in  loom,  including  selvedges, \i'ti\^i     18^45  AAl  «\b  t  24,09»6'\Q...- .,  &7b  ot 

5<t  '^  &9.\a  -  \514,V  T  lb  =61.45 fe\W   .tel,A5^4V«.lb.f    £4.09-1  MO.  ? ...,.&lli •• ! 

SkOiVs    t6l.'W6)».  ik-ir    M.03«6A0- ,5^i>. 

_ _....- \tA.       1,8^43  «J,y«- lis  ^.t<\.03«6'\0-. .158 VtM} 

(    Weight  of  one-yard  of  cloth  in  loom, V&\0  -VA.Wi.^   .3.053. .01, 

20.  { 

[  Proof 2^.S,.<.ab.»..\.a5..:^, 451.5 • 3.054 :: 

„ _„... ■!$.<oo\ .oo\  ,  C.I..  Vns.o.mv'^ 


228 


DESIGN  TEXTS. 


CLOTH    ANALYSIS. 

z?a/<',  Tlovtwv\jev...\,.V^.Ci4. A'ar.^  ...GVvDkAcs  ^oods,V(^. _ 

Pattern  No VV^, _... 

/a*n^,'WQVS^t!S..!!^X,e».,fc<>pA*. - 

Datci  :  om  square  inthz=. V.B grains.  Width  within  selvedges ,  finished ,-^ tUS 

■     ~  I         Thread!  per  inch  finished:=. grains .50 Picks  per  inch  finished^n „  .      .     grains- 

•taVve  ^if                 \  (vol 
Total  warp  J  I'f  iVv/it7yi', "*".., \w"ft In  weaving, " — ' i....... .    In  finishing, : — ^. .^ „ 

Total  filling  ^jfiMit^e,  "i"..!©  10 /«  weaving, — .'. _ In  finishing, .' — 

Add,forschcdge.ti)finislitdxiidth, = , threads. 

Afw-jr/j..  lOb  irvcVves  \}\<vc\\.  ^vcasip  ot  S\\\\\\(^Y^ 4.4...ya\>(\& _ 

VVV  ArtcV\€.«>  \s\>j«,     (^vfo.x'^  ot  A\\\\x\(^'y  •     ?..^  <^TC\\V\*. , 


ANALYSIS. 

1.  W,-ighl  of  one  yard  inside    selvedges,      , a.a..*.5.b*  \-6 ->  .AoX-S     =    4r.\'%'l„  OOnCta  . 

2.  Pick  out,  I'Si  x.VSi 5.     Drawing  in  draft  and  chain, ^'\\.0^\d^  QW    \i.\\axtW>i<-b 

4.     System  or  dressing  of  warp . ,... 

"^cxcVs. I» , t> _.... _ 

ia\ue .....:b .- \o >«,, „ „ .._. 


5.     System  or  sclieme  of  filling. 


.Sawvt  ca. ' 


vccxjca.. 


e.      Threads  in  warp,Z1''iA-   15lo. 7       Threads  in  pat/err:,  \'Z,  .8      Patterns  in  warp,1Sy  y.XZ,  -  iob. 

S.     Si:c.  (counts,  or  run,)  of  uarp  in  finished  cloth,    .\i\at\\ \C>b«-'JOOO    "T  4.4  .*  ill  »  5foO     =      6.5b^ 

- "eAye, :    \\l  -- 7000  -?  JS^^  «  St.  «  ShO   =   lb.059 

10.     Sice,  (counts,  or  run.)  of  filling  in  finished  cloth,  "^ikOs  \OId  »•  "JOOO  -r  4A  x  3b  •  5faO    -       8.5b4 

;6\ue \U  »  lOOO-r    R.4  »  5b«  ShO  ' lb,059 „. 

U.      IVeight  of  warp  yarn  in  one  yard  of  finished  cloth,    _ _ 

„ ...li\RcVw t?  .^  b:>  »  iW  -^  8.Sb4  «•  5bO   '     ..  V£9\  .■ 

'. .TbVvJe ..b,«  b^Mb-^  ib.OSO'SbO  = ^^^21.     .V.^b:>    oi. 

15.  Weight  of  filling  yam  in  one  yard  of  finished  cloth, _ 

S0»aB.v640.T..\-R  =  rjO'faWe.rni lS)\ac\s. b"  7o»lb  -r.8.3b4  "  5bO  = 1,454 

_.- ^aWe b  "..•{(>.»  lb. -tlb,059.«.3fciQ..=...„... _^741    ■}i.\%.\ 

4-.H4    ox 
RECONSTRUCTION. 

13.      Width  in  loom,  including  selvedges, KiQ.  +  V.  =  ^^    *   l.\0  =   5  l.3\V\cV\eS.. .„ _ ^„ 

ti.    Reed,     15t*  61   -  T85-lil,9..=;  ^4.54  5   -^  &  =  lfi.2.1  

«.     Approximate  sue  of  original  warp  yam,  i.e.  in  loom,    '^WCf\     6.2pb4  ^^  \.\0  '  S.tOO       "%\\)e     Vb.05'3  »•  \.\0*  \'{.  bb4 

16.  Approxitnale  size  of  original  filling  yam,  i.  e.  in  Aiom.'^NftcV    6.^b4  "  V.\0-  S.SLOO       '^\ve     Vb-OS^  «  I.  \0  •   K\,  bb4 

17.  Picks  per  inch  in  loom, „ 2>0 ; . „ „ 

IS..     Weight  of  each  color  of  warp  yam  in  loom,  including  sehedges, ., _ „ „ , 

- _ :.T6S..T..t.7...a9V,.5> "ftVcvtU    595.  »  (b  +  9.2.0O  x  5fcO  -    ».ftn   .  *  I.IO   =^  l.S'b^  oz...... 


_Tb\oe 59»  lib  ^  )7.fab4  »  3b0 


•b95 

19.  Weight  of  each  color  of  filling  yam  in  loom,  including  selvedges _ 

_. SK3  *»0.-..95X..-f...a...=  .47&,S_ ;"^\utV      A76.5  »  lb  7   9.£00  «.5bO  ' l.48b  07. 

TiAvc A18.5  »  lb  V  »Xbb4«5fcO' „    _JJ^_  . 

_ „ .g,.£bO _ 

(■    Weight  of  one  yard  of  cloth  in  horn, 'S.Dil4.....+  ..Ki.&.b.0...»..,4.?»'34l  OJ.. _. 

20.  { 

\  Proof ag«i.b»  1.6  -V  4il.5     -      ^,&^5  ox. _ ..„ 
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ANALYSIS— COTTON  QINQHAH. 

Data:— 1  square  inch  weio-hs  1.35  grains;  width,  inside  selvedges, 
finished,  27.  inches;  64  threads  per  inch  finished  weigh,  .8  grains  ;  54  picks 
per  inch  finished  weigh,  .55  grains;  warp  take-up,  8%  ;  filling  take-up,  6%-. 

Add  one-half  inch,  32  white  threads,  to  finished  width  for  selvedges. 

1.  Weight,   in  ounces,  of  one  yard    of    finished    cloth,   inside  selvedges. 
(a).     Find  the  number  of  square  inches  in  one  yard  of  finished  cloth  bj' 

multiplj'ing  the  width  in  inches  by  the  number  of  inches  in  one  yard. 

One  yard  of  the  fabric  analyzed  is  27  inches  wide,  and  one  yard  or  36 
inches  long. 

27  X  36  =  972  square  inches  in  one  yard. 

{d).  The  number  of  square  inches  in  one  yard  of  cloth  multiplied  by 
the  weight  of  one  square  inch  in  grains  will  give  the  weight  of  one  yard 
of  finished  cloth  in  grains. 

Square  inches  in  one  yard  of  cloth,  972 ;  weight  of  one  square  inch, 
1.35  grs. 

972  X  1.35  =  1312.2  grains, 

(c).  To  find  the  weight  in  ounces  divide  the  weight  of  one  yard  of  cloth 
in  grains  by  the  number  of  grains  in  one  ounce. 

7000  grains  =  1  pound.  16  ounces  =  1  pound. 

7000  -^  16  =  437.5  ounces  in  1  pound. 

Weight  in  grains  of  1  yard,  1312.2.  Grains  in  1  ounce,  437.5. 

1312.2  ^  437.5  =  2.999  ounces. 

Formula: — (Width  in  inches  X  length  in  inches  X  weight  of  one  square 

inch  in  grains)  ~  (grains    in   one    ounce)  =  weight   of    one  yard  of  finished 

cloth  in  ounces. 

2.  Pick  out. 

Designate  the  size  of  one  complete  repeat  of  the  weave  giving  the  num- 
ber of  threads  first  and  then  the  number  of  picks,  thus  : 

4X4 

When  a  simple  weave  is  used  in  the  fabric  the  name  of  the  weave  is 
generally  given,  thus  : 

Plain  weave. 

3.  Drawing  in  draft  and  chain. 

Designate  the  number  of  harnesses  required  and  the  style  of  draft,  thus: 
4  harness,   straight  over. 

4.  System,  or  dressing  of  warp. 

The  dressing  of  a  pattern  should  be  given  in  detail. 
White  cotton     2    2  4 

Yellow  cotton      4  4 

Black  cotton  4     4  8 

Red  cotton  2  2 

—  18 
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5.  System,  or  scheme  of  filling-. 

The  same  principles  are  used  here  as  in  question  4. 

When  the  filling-  pattern  is  the  same  as  the  warp  pattern  the  term 
"same  as  warp"    is  used. 

When  either  the  warp  or  filling  is  one  color  the  term  "solid"  is  used, 
followed  by  the  color,  such  as  solid  white. 

6.  Threads  in  warp. 

To  find  the  number  of  threads  in  warp  multiply  the  threads  in  one 
inch  by  the  width  in  inches. 

Threads  in  one  inch,  64.  Width  in  inches,  27. 

64  X  27  =  1728  threads  in  warp. 

Formula:  Threads  per  inch  finished  X  finished  width  in  inches  = 
threads  in  warp. 

Note:  All  calculations  in  the  Analysis  section  of  a  sheet  are  figured 
inside  selvedges. 

7.  Threads  in  pattern. 

The  number  of  threads  in  a  pattern  is  found  in  question  4. 
18  threads  in  a  pattern. 

8.  Patterns  in  warp. 

To  find  the  number  of  patterns  in  a  warp,  divide  the  total  threads  in 
warp,  inside  selvedges,  by  the  threads  in  a  pattern. 

Threads  in  warp,  1728.  Threads  in  pattern,   18. 

1728  -=-  18  =  96  patterns  in  warp. 

Formula:     Threads  in  warp  -^-  threads  in  pattern  =  patterns  in  warp. 

As  many  warps  are  dressed  in  sections  the  patterns  in  warp  should  be 
divisable  by  three  or  more  numbers  to  allow  for  complete  repeats  of  the 
pattern  in  each  section.  This  rule  generally  applies  to  woolen  or  worsted 
warps.  In  this  cloth  there  are  96  patterns  of  18  threads,  and  the  warp 
may  be  divided  into  three  sections  of  576  threads,  4  sections  of  432  threads 
or  6  sections  of  288  threads.  If  97  patterns  were  used  the  warp  could  not 
be  divided  into  sections  containing  complete  patterns  in  each  section,  tend- 
ing to  produce  an  imperfect  dressing  in  the  warp  when  placed  in  the  loom. 

9.  Size  (counts  or  run)  of  warp  in  finished  cloth. 

(a).  Find  the  weight  in  grains  of  one  yard  of  No.  1  counts  of  the  required 
class  of  yarn  by  dividing  the  number  of  grains  in  one  pound  by  the  num- 
ber of  yards  in  No.   1  yarn  in  one  pound  (cotton  840). 

Grains  in  one  pound,  7000.         Yards  No.  1  cotton  in  one  pound,  840. 

7000  -^  840  =  8.333  grains  weight  of  1  yard  No.  1  cotton. 
(h).     Find  the  weight  in  grains  of  the  given  number  of    inches  of  No.   1 
yarn  (first  reducing  the  number   of   given    inches  to  yards)    by  multiplying 
the  weight  in  grains  of  one  yard  of  No.   1  by  the  given  number  of  yards  of 
yarn. 

Given  number  of  inches,  64.  Inches  in  one  yard,  36. 

64  -^  36  =  1.777  yards  of  given  3'arn. 
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Weight  of  one  yard  of  No.  1  cotton,  8.333  grains.  Given  yards  of  yarn, 
1.777. 

8.333  X  1.777  =  14.8077  grains  weight  of  given  length  of  No.  1  yarn. 

14.8077  grains  is  the  wreight  of  the  given  length  (1.777  yards)  of  No,  1 
yarn  and  .8  grains  the  weight  of  the  same  length  of  the  required  yarn.  The 
counts  of  the  required  yarn  is  equal  to  the  number  of  times  greater  the 
weight  of  No.   1  yarn  is  than  the  weight  of  the  required  yarn  ;  therefore, 

{(•).  To  find  the  counts  of  the  required  yarn  divide  the  weight  of  the 
given  length  of  No.  1  yarn  by  the  weight  of  the  same  length  of  required  yarn. 

Weight  of  1.777  yards  of  No.  1  yarn,  14.8077  grains  ;  weight  of  1.777  yards 
of  required  yarn,  .8  grains. 

14.8077  -^  .8  =  18.509  counts  of  warp. 

Formula  :  (Given  inches  of  yarn  X  grains  in  one  pound)  -=-  (given 
weight  of  yarn  X  inches  in  one  yard  X  standard  number  of  required  yarn)  = 
counts  of  required  j'arn. 

64  X  7000  -4-  .8  X  36  X  840  =  18.518. 

Any  variation  in  the  results  of  calculations  is  due  to  limiting  the  work 
to  the  third  decimal  point. 

10.  Size  (counts  or  run)  of  filling  in  finished  cloth. 

The  same  principles  are  used    here  as  in  question  9,  substituting  given 
filling  data  of  number  of  inches  and  weight    in    grains  for   the  warp  data. 
The  calculations  are  as  follows  : 

{a).     Yards  of  No.  1  cotton  in  one  pound,  840.     Grains  in  one  pound,  7000. 
7000  --  840  =  8.333  grains. 
{d).     Given  number  of  inches,  54.     Inches  in  one  yard,  36. 
54  -H  36  =  1.5  yards  given  length. 
8.333  X  1-5  =  12.499  grains  weight  of  given  length  of  No.  1  yarn, 
(r)     Weight  of    1.5  yards  of  No.   1  cotton,   12.499  grains.      Weight  of  1.5 
3'ards  required  yarn,   .55  grains. 

12.499  -=-  .55  =  22.727  required  counts. 
Formula  :     Same  as  that  used  for  question  9. 

54  X  7000  --  .55  X  36  X  840  =  22.727. 

11.  Weight  of  warp  yarn  in  one  yard  of  finished  cloth. 

{a).  Find  the  number  of  yards  of  warp  j'arn  in  one  pound  by  multipl3'- 
ing  the  number  of  yards  of  No  1  yarn  in  one  pound  (standard  number)  by 
the  counts. 

Standard  number  (cotton),  840.     Counts  of  warp  yarn,  18.518. 
840  X  18.518  =  15555.12  yards  of  18.518  cotton  in  one  pound. 
Note  :     The  counts  of  the  yarn    designates  the  number  of  hanks  in  one 
pound.     The  standard  number  is  the  number  of  yards  in  one  hank. 

(b).  Find  the  number  of  yards  of  warp  yarn  in  one  yard  of  cloth  by 
multiplying  the  threads  per  inch  by  the  width  in  inches. 

Threads  per  inch,  64.  Width  in  inches,  27. 

64  X  27  =  1728  yards  of  warp  yarn  in  one  yard  of  cloth. 
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(c).  Divide  the  number  of  yards  of  warp  yarn  in  one  yard  of  cloth  (b) 
by  the  number  of  yards  of  warp  yarn  in  one  povind  (a).  This  will  give 
the  weight  in  pounds  of  warp  yarn  in  one  yard  of  cloth. 

Yards  of  warp  j'aru  in  one  yard  of  cloth,  1728;  yards  of  warp  yarn  in 
one  pound,  15555.12. 

1728  -^  15555.12  =  .111  pounds  of  warp  yarn  in  one  yard  of  cloth. 

(d).  To  find  the  weight  in  ounces  multiply  the  weight  in  pounds  by 
the  number  of  ounces  in  one  pound. 

Weight  in  pounds  of  warp  in  one  yard  of  cloth,  .111.  Ounces  in  one 
pound,  16. 

.111  X  16  =1.776  ounces  of    warp  yarn  in  one  j'ard  of  cloth. 

Formula:  (Threads  per  inch  finished  X  width  in  inches  finished  X 
ounces  in  one  pound)  -r-  (counts  X  standard  number)  =  weight  in  ounces  of 
warp  j'arn  in  one  yard  of  finished  cloth. 

64  X  27  X  16  H-  18.518  X  840  =  1.777  ounces. 

Note:  The  above  applies  only  when  the  warp  j^arn  is  the  same  in 
counts.  When  the  warp  yarn  varies  each  counts  must  be  figured  according 
to  the  data  for  length  and  weight. 

To  find  the  weight  of  each  counts  of  yarn  the  number  of  threads  of  each 
counts  in  a  pattern  is  multiplied  by  the  number  of  patterns  in  warp  giving 
the  number  of  yards  of  each  counts  of  yarn  in  one  yard  of  cloth.  The  weight 
in  ounces  of  each  kind  of  yarn  is  found  by  the  formula   previously  given. 

12.     Weight  of  filling  3'arn  in  one  yard  of  finished  cloth. 

The  principles  used  here  are  the  same  as  in  question  11  substituting 
filling  data  for  warp. 

(a).     Counts  of  filling  yarn,  22.727.      Standard  number  (cotton),  840. 
840  X  22.727  =  19090.68  yards  of  filling  yarn  in  one  pound. 

(d).     Picks  per  inch  finished,  54.  Width  in  inches,  27. 

54  X  27  =  1458  yards  of  filling  yarn  in  one  yard  of  cloth. 

Note:  54  picks  per  inch  equals  54  inches  of  filling  in  one  inch.  In 
one  running  inch  across  the  cloth  (27  inches  wide)  there  are  (54  x  27)  1458 
inches  of  filling.  In  one  yard  of  cloth  (36  inches)  there  are  (36  x  1458)  42488 
inches  of  filling  in  one  yard  of  cloth.  To  find  the  number  of  yards  of  filling 
divide  by  36  (inches  in  one  yard). 

42488  -^  36  =  1458  yards. 

Formula:      (Picks  per  inch  x  width  in  inches  x  length  of    one    yard  in 
inches)  h-  inches  in  one  yard  =  yards  of  filling  in  one  yard  of  cloth. 
54  X  27  X  36  -^  36  =  1458. 

This  formula  may  be  simplified  by  cancelling  both  36,  giving  as  the 
general  formula: 

Picks  per  inch  x  width  in  inches  =  yards  of  filling  yarn  in  one  yard 
of  cloth. 

(f).  Yards  of  filling  yarn  in  one  yard  of  cloth,  1458.  Yards  of  filling 
yarn  in  one  pound,  19090.68. 

1458  ^  19090.68  =  .0763  pounds. 
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(d).     Weight  in  iiounds  of  filling-  yarn,   .0763.     Ounces  in  one  pound,  16 

.0763  X  16  =  1.2208  ounces  of  filling  in  one  yard  of  finished  cloth. 

Formula:  (Picks  per  inch  x  width  in  inches  x  ounces  in  one  pounds  -^ 
(counts  X  standard  number)  =  weight  in  ounces  of  filling  yarn  in  one  yard 
of  finished  cloth. 

54  X  27  X  16  -f-  22.727  x  840  =  1.221  ounces. 

The  weights  found  in  questions  11  and  12  should  equal  the  weight  found 
in  question  1. 

Question  11.     Warp  weight,     1.777. 
Question  12.     Filling  weight,   1.221. 

Total,  2.998  oz. 

Question  1.     Weight  of  one  yard,  2.999  oz. 

Proof  (light),  .001 

When  the  filling  yarn  varies  in  counts  the  process  explained  in  the 
note  to  question  11  is  used. 


RECONSTRUCTION. 

(13).     Width  in  loom,   including  selvedges. 

(a).  Find  the  width  of  finished  cloth  including  selvedges  b3'  adding  the 
width  of  the  selvedges  to  the  finished  width. 

Finished  width,  27  inches.  Width  of  selvedges,  ^4   inch. 

27  +  >^  =  27>4  or  27.5  inches. 
(/;).     Find  the  width  in  loom  by  adding  the  filling  take  up  to  the  finished 
width  including  selvedges. 

27.5  +  6%  =  29.15  inches  loom  width. 

Note  :  The  width  of  the  cloth  is  affected  by  the  filling  take  up  and 
the  difference  or  loss  in  width  is  the  percentage  expressed  by  the  fillingr 
take  up.  The  finished  width  is  considered  as  100%  'ind  the  loom  width 
100%  +  the  filling  percentage.  In  this  cloth  the  loom  width  should  be  100% 
-\-  6%   (filling  take  up)  or  106%  of  the  finished  width. 

Formula:  (Finished  width  plus  selvedges)  x  {100^/c  plus  filling  take  up) 
=•  loom  width. 

27.5  x  1.06  =  29.15  loom  width. 

14.     Reed. 

(a).  Find  the  total  threads  in  warp  including  selvedges  by  multiplying 
the  threads  per  inch  in  finished  cloth  by  the  finished  width,  including 
selvedges. 

Finished  threads  per  inch,  64.  Finished  width  including  selvedges, 
27>^  inches. 

27.5  X  64  =  1760  threads  in  warp. 
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(d).  Divide  the  total  number  of  threads  in  warp  by  the  loom  width  to 
find  the  number  of  threads  per  inch  in  loom. 

Total  threads  in  warp,   1760.  LfOom  width,  29.15  inches. 

1760  -^  29.15  ==  60.377  threads  per  inch  in  loom. 
(c).     Find  the  number  of  the  reed  by  dividing  the  number  of  the  threads 
per  inch  in  loom  by  the  number  of  threads  in  a  dent. 

Threads  per  inch  in  loom,  60.377.  Threads  in  a  dent,  2. 

60.377  --  2  =  30  189  reed. 

This  reed  is  expressed  '^^/2  the  30  representing  the  reed  and  the  2  the 
number  of  threads  in  a  dent. 

Formula:  (a).  Finished  width  including  selvedges  x  threads  per  inch 
finished  =  total  threads  in  warp. 

(/;).     Total  threads  in  warp  -f-  loom  width  =  threads  per  inch  in  loom. 

(c).     Threads   per    inch    in  loom  ^-  threads  in  a  dent  =  number  of  reed. 

15.  Approximate  size  or  original  warp  yarn  i.  e.,  in  loom. 

The  diameter  of  the  warp  yarn  decreases  from  the  finished  cloth  to  the 
loom,  according  to  the  take  up,  or  stretch  of  the  warp.  The  number  rep- 
resenting the  counts  of  the  yarn  increases  in  proportion  to  the  decrease  in 
the  diameter  of  the  yarn. 

(a).  Find  the  approximate  size  of  the  warp  yarn  by  adding  the  warp 
take  up  to  the  finished  warp  counts,  or  multipl3'  the  finished  warp  counts 
by  lOO'yfc  plus  the  warp    take  up. 

Finished  warp  counts,   18.518.  Warp  take  up,  8%. 

18.518  X  1.08  ==  19.999,   approximately  20. 

Formula:  Finished  warp  counts  x  (100%  plus  warp  take  up)  =  warp 
counts  in  loom. 

16.  Approximate  size  of  original  filling  yarn,   i.  e.,   in  loom. 

The  filling  take  up  affects  the  diameter  and  counts  of  the  finished  fill- 
ing yarn  in  the  same  manner  that  the  warp  take  up  affects  the  warp  yarn. 
(«).     Find  the    approximate    size    of    filling   yarn  by    adding  the  filling 
take  up  to  the  finished  filling  counts  or  multiply  the  finished  filling  counts 
by  100%   plus  the  filling  take  up. 

Finished  filling  counts,  22.727.  Filling  take  up,  6%. 

22.727  X  1.06=  24.090. 
Formula  :      Finished  filling  counts  x  (100%   plus  the  filling  take  up)  = 
loom  counts  of  filling. 

7.  Picks  per  inch  in  loom. 

In  a  "take  up"  sheet  the  picks  per  inch  finished  and  in  loom  are  ap- 
proximately the  same. 

Picks  per  inch  in  loom,  54. 

8.  Weight  of  each  color  of  warp  yarn  in  loom,   including  selvedges. 
The  weight  of  warp  yarn  in  loom  is  found  according  to  the  instructions 

given  in  the  note  to  question  11  substituting  the  loom  counts  for  the  finished 
counts,  and  using  the  total  number  of  threads  in  warp. 
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(a).     Find  the  number  of  yards  in  one  pound  of  warp  yarn. 
Counts  of  yarn  in  loom,  19.999.  Standard  number  (cotton),  840. 

19.999  X  840  =  16799.16  yards  warp  yarn  in  one  pound. 

(d).  Find  the  number  of  yards  of  each  color  in  one  yard  of  warp  yarn 
in  loom  by  multiplying  the  number  of  threads  of  each  color  in  a  jiattern 
by  the  number  of  patterns  in  warp. 

Patterns  in  warp,  96. 
Threads  of  each  color  in  a  pattern: 

White,  4;  yellow,  4;  black,  8;  red,  2. 
4  X  96  ^  384  yards  of  white. 
4  X  96  =  384  yards  of  yellow. 
8  X  96  =  768  yards  of  black. 
2  X  96  =  192  yards  of  red. 
Add  the  selvedfjes  to  the  required  color  (white). 

384  +  32  =  416  yards  of  white. 

(c).     Find  the  weight  in  pounds  of  each  color  of  warp  yarn  in  one  yard 
in  loom  by  dividing-  by  the  number  of  yards  of  warp  yarn  in  one  pound. 
White,         416  ^  16799.16  =  .0247  lbs. 
Yellow,       384  ^  16799.16  =  .0228  lbs. 
Black,  768  -^  16799.16  =  .0457  lbs. 

Red,  192 -- 16799.16  =  .0114  lbs. 


1.046 


{(/).     Find  the  weight  in  ounces    of    each    color    by    multiplying    tlie  re- 
spective weights  by  the  number  of  ounces  in  1  pound. 

Ounces  in  1  pound,   16. 
Weight  of  white  warp,  .0247  pounds. 

.Weight  of  yellow  warp,         .0228  pounds. 
Weight  of  black  warp,  .0457  pounds. 

Weight  of  red   warp,  .0114  pounds. 

White,  .0247  x  16  =  .3952  ounces. 

Yellow,         .0228  x  16  =  .3648  ounces. 
Black,  .0457  x  16  =  .7312  ounces. 

Red,  .0114  X  16  =  .1824  ounces. 


1.6736  ounces. 
(e).     These  weights  are  for  the  yarn  upon  the  warp  beam.     To  find  the 
weight  of  each  color  in  the  woven    cloth  add  the  warp  take  up  to  each. 
White,  .3952  x  1.08  =  .4268  ounces. 

Yellow,  .3648  x  1.08  =  .3939  ounces. 

Black,  .7312  x  1.08  =  .7897  ounces. 

Red,  .1824  x  1.08  =  .1970  ounces. 

Formula  :  (Threads  of  each  color  in  pattern  x  patterns  in  warp  x 
ounces  in  one  pound)  :  (Ioo.ti  counts  x  standard  number)  =  weight  of  each 
color  in  one  yard  in  loom  (on  warp  beam).  Adding  to  this  the  warp  take 
up  =  weight  of  each  color  in  one  yard  in  loom  (woven  on  cloth  roll). 
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White,  (96  X  4  +  32)  X  16  ^  19.999  X  840=  .396  ounces. 
Yellow,  96  X  4  X  16  ^  19  999  x  840  =  .365  ounces. 

Black,  96  X  8  X  16  ~  19.999  x  840  =  .731  ounces. 

Red,  96  X  2  X  16  -^  19.999  x  840  =  .182  ounces. 

White,  .396  X  1.08  =  .428  ounces. 

Yellow,  .365  x  1.08  =  .395  ounces. 

Black,  .731  x  1.08  =  .790  ounces. 

Red,  .182  x  1.08  =  .197  ounces. 

1.810  ounces  woven. 
The  selvedges  should  be  added  to  the  required  color. 

19.     Weight  of  each  color  of  filling  yarn    in    loom,   including  selvedges. 
(a).     Find  the  number  of  yards  of  filling  yarn  in  one  pound. 
Loom  counts  of  filling,  24.090.  Standard  number  (cotton),  840. 

24.090  X  840  =  20235.6  yards  of  filling  yarn  in  one  pound. 
(b).     Find  the  number  of  yards    of    filling    yarn    in    one  yard  of    woven 
cloth  by  multiplj'ing  the  picks  per  inch  in  the  loom  by  the  loom  width  and 
dividing  the  result  into  proportionate  parts  according  to  the  filling  pattern. 
Picks  per  inch  in  loom,  54.  Loom  width,  29.15  inches. 

54  X  29.15  ==  1574.1  yards  of  filling  in  one  yard  of  cloth  in  loom. 
This  divided  by    the    number  of    picks  in  one  repeat  of    the  filling  pat- 
tern =^  patterns  of  filling  in  one  yard  of  woven  cloth  in  loom. 
1574,1  --  18  =  87.45  patterns  of  filling. 
Multiplying  the  number  of  picks  of   each    color    in    one    pattern  by    the 
number  of  patterns  =  number  of  yards  of  each  color  of    filling  in  one  yard 

in  loom. 

White,         4  X  87.45  =  349.8  yards. 

Yellow,        4  X  87.45  =  349.8  yards. 

Black,  8  X  87.45  =  699.6  yards. 

Red,  2  X  87.45  ==  174.9  yards. 


1574.1  yards. 
{c).     Find  the  weight  in  pounds  of  each  color  by  dividing  the  respective 
lengths  by  the  number  of  yards  of  filling  yarn  in  one  pound. 
Yards  of  filling  yarn  in  one  pound,  20235.6. 

White,  349.8  -^  20235.6  =  .0173  pounds. 
Yellow,  349.8 -^  20235.6  =  .0173  pounds. 
Black,  699.6  -^  20235.6  =  .0345  pounds. 
Red,  174.9  -4-  20235.6  =  .0086  pounds. 


.0777  pounds. 
{d).     Find  the  weight  in  ounces  of  each  color  by  multiplying  the  weight 
in  pounds  of  each  color  by  the  number  of  ounces  in  one  pound. 

Ounces  in  1  pound,  16. 
White,       .0173  x  16  =  .2768  ounces. 
Yellow,      .0173  x  16  =  .2768  ounces. 
Black,        .0345  x  16  =  .5520  ounces. 
Red,  .0086  x  16  =  .1384  ounces. 
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The  filling  take  up  has  been  considered  in  the  width  in  loom,  there- 
fore the  above  weights  give  the  weight  of  each  color  of  filling  yarn  in  one 
yard  of  woven  cloth  in  the  loom. 

Formula:  (Picks  per  inch  x  loom  width)  :-  picks  in  pattern  =  pat- 
terns of  filling  in  one  yard  in  loom. 

54  X  29.15  -:    18  =  87.45  patterns. 
(Patterns    of    filling  x  picks    of    each    color    in    pattern  x  ounces  in  one 
pound)  -^  (counts  by  standard  number)  =  weight  in   ounces  of  each  color  of 
filling  in  one  yiivd  of  woven  cloth  in  loom. 

White,  87.45  x  4  x  16  --  24.09  x  840  =  .276  ounces. 
Yellow,  87.45  x  4  x  16  -:  24.09  x  840  =  .276  ounces. 
Black,  87.45  x  8  x  16  -:  24.09  x  840  =  .553  ounces. 
Red,         87.45  x  2  x  16  -^  24.09  x  840  =  .138  ounces. 


1.243  ounces. 
20.     Weight  of  one  yard  of  cloth  in  loom. 

The  weight  of  one  yard  of  cloth  in  the  loom  is  found  by  adding  the 
total  weights  of  warp  (including  take  up)  in  question  18  and  filling  in 
question  19. 

Weight  of  warp,  1.810  ounces. 
Weight  of  filling,  1.243  ounces. 


3.053  ounces. 

Proof:     To  prove  the  weight  of  one  yard  of  cloth  in  the  loom  find   the 
weight  of  one  yard  of  cloth  according  to  the  finished  data,   substituting  the 
finished  width  including  selvedges  for  the  finished   width. 
27.5  x  36  X  1.35  ~  437.5  =  3.054  ounces. 
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CLOTH     ANALYSIS. 


Dak,  5co\tvcv\jc^  VA'^Ob. 


w^-u 


Name,     C»W\Alb  Wc>O0v\)^. 


Data  :  one  square  incfij::^.  \.Ot3  grains 

./^^        Threads  per  ineh  finished^  .&  grains. 

Toial  Ti'arp  AA*-u*iX.-t&y.  Q  lo  ///  ^craving. 

Total/tiling  sitrtHl^f^f,  *(  Iq  .     fn  jieai'ing, 

Addjor  sehedge,  lo  finished  width,  \,  '\WwV\ 

Remarks,  


Width  within  selvedges,  finished, =z  .   5b  VwOtvCSj. 

^tt    Pieks per  inch finished^n. *00 grains 

. In  finishing, r" — ~~~~ 

~         "  ■    In  finishing,    .— TTZ" , 

=     5^  >«\\\\e, threads. 


ANALYSIS. 

1.      Weight  of  one  yard  inside    selvedges,     5b    »•  5b  »  \.b5     "^41)1. 5      ..= 3.9^3      OUVXtC^.. 

Z.     Pick  onl,  WcWWVCtCWS,    ;.     Drauing  in  draft  and  chain,         '^  V\O0CV\«.^t)tt>. 

i.     System  or  dressing  of  warp, 'vs\q\. , 

"e^^c^ ^ N a 

^ttv  z. s „ 

V<V;v\£        ■2. 2. ^ 


..^«>\toW ^ '^.. 


V& 


5.     System  or  schnne  of  Jill h 


ScwWC  U5  \W  vcivca... 


6.     Threads   /«  war/,5b -^isyV  =    ?»5Q^.     7.      Threads  in  patlern, \& B.     /'a//fr«i  i«  zfar/,.WQl^..t..Va...r...V(jft. 

9,     Size^  (rounds,  or  run,)  of  7varp  in  finished  chili, _ 

b\  "lOClO  V  .a  X  5b«-6'^Q = \8l3i\& 

10.  SisCf  {counts,  or  rufi,)  of  filling  in  finished  cloth,    ,....„„..- 

5^  *  1000  -  .  55  »  5b  ^  B^O- .,,= VL'^^^ „ 

11,  Weight  of  ivarp  yarn  in  one  yard  of  finished  eloln,  „ , 

b^  »  5b  -  \b  -f  \B.5\6  x  a^O .=. Si.5b9 .  .Owutea .„, 


13.      Weight  of  filling  yarn  in  one  yard  of  finished  cloth,  

5i4t..»5bxAb  ±  2.2^£,|a8^...= i.!o30; ovrntes. 3399  ot. 


RECONSTRUCTION. 

Width  in  loom,  including  selvcdses.      5b  +  .5   =    5b.5    ^  1.01    '      53.035    \V\c\\e& 

Rud. 5b,5  "  b'V  =  a55b  ^  59.^55  -  53.av  iWtuAs '^w\v\c\\\xv\oov<\., 59.8V -fa,.- maxtcA, 

approximate  size  of  original  warp  yarn.  i.  e.  in  loom,  \&.5\6   <    \.05  =    \9.3d3 

Approximate  size  of  original  filling  yarn,  i.  e.  in  loom,        2>?L.1&'l  *    \.01   =      SA.b^l _ 

Picks  per  inch  in  loom, 5t" 

Weight  of  each  color  of  warp  yarn  in  loom,  including  sck'edges,^\iA^\ Vto^'V  «-\\)  +  \'i.9'i^  «  &4S)  '  ,915    «  A.0&  >  A.OSa  OZ.. 


ia\Ra\   i?.8  '^  a  ■  i^t\ 

WVxx'^e       1^5  ^  -V  =      542.  OS.-5W ^"^l^^'^ 

XtWow      VJ.6  «  ^  =      512.  UWoX\ 

19.      Weight  of  each  color  of  filling  yarn  in  loom,  including  selvedges,  WVUCVv 

.S9.055  »  54  -  6»08.91  -.  \6  -  UH.M  V^cdV 

VCu\\« 

\cUc« 


542.«lb^ 
U1.V1  ■^ 

\\v\i  - 
win- 


,5V6   «  \.06=    .503  ■• 
■MX>  V  \.06  =  ,5&7   - 


Weight  of  one  yard  of  cloU  in  loom, 5b.5  >  Sb  »  \.55  "^    43L&...f 

Proof  .\itx^       \.055+.J.Io5*  -559  •»■.5^^  *  6.40a 

UWmt^       .^i^  *MA  +  .3fc-{  ♦  .ibl  ^ Lb5&. 


bxlb-^  6^.511  »  640   = 
£<  » tb  f  tA.i\1  X  S-VO  = 

.4  \Abt  M.5n  V  640...-:... 
•^.05^.  »««.«.> 

,^.05^..fiv>x\cca,... 


.  VfrV 
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CLOTH  ANALYSIS 


Date,... °<**°''<^^..1»    ^506. ^^^^^ CharlM  Moody, ,^ 

Pattern  No 4P4..,.9, „.. 

Fabric,  WooX«n„SuU,lng, 

Data:  one  square  inch= .V-.r.* <;racn«<  Width  within  selvedges,  finished,= 56    inqh«8 . 

Threads  per  inch  finishcd= r.'.r grains ??.. Picks  per  inch  finished»= ^^^ 

Total  warp, ^^'*}* .,,......       I„  weaving, Pf... In  finishing, .?.?^ 

Total  filling ^^^. ^ 

.Add,  for  selvedge;  to  finished  .width,.. .?-....*n.»h , ,    =.  .MJllaOk threads. 

Remarks,    ■■■■ • ^ , ,. 


ANALYSIS 

1.    Weight  of  one  yard  inside  selvedges, ^^    *  ,36    X.,3,.6,*.  437.5 » 16,588.  OunOtSv   . 

..*.."..*• ..C^^a*??."  ..*»"!•     3.    Drawin.  in  d„fr  ,„j  .h,i„  Straight /oii  4.   4  bara. 


2.     Pick  out, ■'■■ '      3.     Drawing  in  draft  and  chain,! 

.4.    System  or  dressing  of  warp , -.. ..,..., 

„ „., Black  woolan 11 11 „...g2. 

......,.., iimite  woolen '2 _2 2.4....thraad8  in'  pattarn 


5.    System  or  scheme  of  filling ~- 

Blaok  woolen  solid 


6.    Threads  in  warp,.57..  ?.  56    »  3198  7     Threads  in  pattern, ?.4 8.    Patterns  in  warp,  3182+54  =135 

9.    Size,  (counts,  or  run,)  of  warp  in" finished  cloth, >. 

.5.7...X...7OOO  f  2.1  X  36.x  ,1600   =      3.298  run 


JO.    Size,  -(counts,  or  run,)  ol  filling  in  finished  cloth, , 

52  X  7000  4-  1.5  X  36  X  1600  «   4.213  run 


11.  Weight  of  warp  yarn  in  one  yard  of  finished  cloth, ■ 

^ Pirat  formula; 57 ..x  56 . .x  ,16  ,+,3. 898  ,x ...1600.., »,  9, 678  ounoae . 

Saoond  formulaj 57  x, ,56....+.. 329, ,8...,.=. 9.678  ouncaa. 

12.  Weight  of  filling  yarn  in  one  yard  of  finished  cloth.  

, .First  formula;  58  x  56  x  16   +  4.2l3.X...1600....= 9.911   ounoas. 

Saoond  formula;  52  x  56  +  421.:?      =  6.911  ounoaa. 

RECONSTRUCTION. 

13.  Width  in  loom,  including  selvedges, (56    PlUB    1  )   +    ,85 = f57.058.  inches. 

14     R„d  57  X  57     B    3249  A  67.058     =    48.45  +  4     =    12.11       12/4  reed. 

15.    Approximate  size  of  origmal  warp  yarn    1    e    in  loom 

3.898  ♦  ,736      =    .    4.480  run. 


16.    Approximate  size  of  original  filling  yarn,  1    e    in  loom. 

4.2I3  *  .85       =        4.956  run. 


17,    Picks  per  inch  in  loom, 


58  X   .80      =      41.6 


18.    Weight  of  each  color  of  wirp  yarn  in  loom    includm,"  scK  edges 

Black  woolan     1.33..X..82    =    2926    +  55    =  2982   *  448    ■•6.659   +  .92    =7.234  oe 

„ Ihlte .  woolan 133  x  2      =      266  *  448   =     .  593   *-  .92    »    .644  OB 

7.849 7.878"«' 


19.    Weight  of  each  color  of  filling  yarn  in  loom,  including  selvedges 

.?.^?l«....w?.°.^.«.n 67.,.05.a...x....4l..6....*.,.49.5«.6.....=:.,..5,.a28...9unoea 


' Warp  weight 7.878  ounces 

20.    Weight  of  one  yard   of  cloth  in   loom,      pilling  weight        5.628   ounoea 


13.506  ounces  *■  .80  »  16.882  oz 
Proof;      57  X  57  x  3.6  +  457.5  i*-   16.885  oz 
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